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ABSTRACT 
 
This study was conducted at the Department of Biochemistry, 
Faculty of Veterinary medicine, University of Khartoum. Siganus 
rivulatus fishes were catched for the present study and observed for 
external parasites and then examined for helminth parasites and divided 
into four groups: Group A control male, Group B helminthes infected 
male, Group C control female, Group D helminthes infected female. 
Blood sample were collected after fish catch then subjected to 
biochemical investigations including haematological estimations, 
haemoglobin (Hb), Packed cell volume (PCV), erythrocyte and leukocyte 
count and measurement serum biochemical parameters including total 
protein, albumin and total globulins also morphometric parameters 
include length, weight and age were measured for each fish. Edible 
proportion of flesh prepared as dried powder and subject to gross bio 
chemical composition analysis. 
The results revealed decrease in packed cell volume (PCV), 
haemoglobin (Hb) and red blood cells count of helminthes infected 
groups as compare with control group. 
There was decreased in plasma total protein value of helminthes 
infected groups and no change in value of albumin and total globulins in 
all groups. White blood cells count revealed no significant influences by 
helminth parasites. Eosinophils showed no response to helminth parasites, 
neutrophils, lymphocytes and monocytes revealed no significant change 
except for thrombocytes count was increased through out in the healthy 
female group. 
No change in length or weight was recorded in infected groups. 
 xiii
Edible proportion of the helminthes infected group’s flesh showed 
declined in protein% but other biochemical  parameters and  gross  
revealed no significant change during the study period.  
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  ﺔـﻼﺻـــاﻟﺨ
  
 .ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺒﻘﺴﻡ ﺍﻟﻜﻴﻤﻴﺎﺀ ﺍﻟﺤﻴﻭﻴﺔ ﺒﻜﻠﻴﺔ ﺍﻟﻁﺏ ﺍﻟﺒﻴﻁﺭﻯ ﺒﺠﺎﻤﻌﺔ ﺍﻟﺨﺭﻁﻭﻡ
ﺼﻴﺩﺕ ﺍﻷﺴﻤﺎﻙ ﻤﻥ ﺠﻨﺱ ﺍﻟﺴﻴﺠﺎﻥ ﻭﺍﺠﺭﻱ ﻋﻠﻴﻬﺎ ﻓﺤﺹ ﻋﺎﻡ ﻟﻠﺠﺴﻡ ﺍﻟﺨﺎﺭﺠﻲ ﻟﻤﻼﺤﻅﺔ ﻭﺠﻭﺩ 
ﺍﻱ ﻁﻔﻴﻠﻴﺎﺕ ﺨﺎﺭﺠﻴﺔ ﺒﻌﺩﺌﺫ ﺍﺨﺘﺒﺭﺕ ﻻﺠل ﻭﺠﻭﺩ ﺍﻟﺩﻴﺩﺍﻥ ﺍﻟﻤﻌﻭﻴﺔ ﻭﻟﻘﺩ ﻗﺴﻤﺕ ﺍﻻﺴﻤﺎﻙ ﺍﻟﻲ ﺍﺭﺒﻊ 
  .ﺜﻨﻴﻥ ﻤﻨﻬﺎ ﻤﺠﻤﻭﻋﺘﻲ ﻀﺒﻁ  ﻟﻠﺫﻜﻭﺭ ﻭﺍﻹﻨﺎﺙ ﻭﻤﺠﻤﻭﻋﺘﻲ ﺫﻜﻭﺭ ﻭﺍﻨﺎﺙ ﻤﺼﺎﺒﺔﻤﺠﻤﻭﻋﺎﺕ ﺍ
ﺍﻟﻌﻴﻨﺎﺕ ﻤﻥ ﺍﻟﺩﻡ ﻜﺎﻨﺕ ﺘﺅﺨﺫ ﺒﻁﺭﻴﻘﺔ ﻤﻌﻴﻨﺔ ﺒﻌﺩ ﺼﻴﺩ ﺍﻻﺴﻤﺎﻙ ﻤﺒﺎﺸﺭﺓ ﺜﻡ ﺘﺠﺭﻱ ﻋﻠﻴﻬـﺎ 
، ﺍﻟﺘﺤﺎﻟﻴل ﺍﻟﻜﻴﻤﻭﺤﻴﻭﻴﺔ ﻟﻘﻴﺎﺱ ﺒﻌﺽ ﺍﻟﻤﻌﺎﻴﻴﺭ ﻜﺎﻟﺘﻘﺩﻴﺭﺍﺕ ﻓﻲ ﺍﻟﺩﻡ ﻟﺒﻌﺽ ﻤﻜﻭﻨﺎﺘﻪ ﻜﺎﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ 
ﻜﺭﻴﺎﺕ ﺍﻟﺤﻤﺭﺍﺀ ﻭﺍﻟﺒﻴﻀﺎﺀ ﺍﻀﺎﻓﺔ ﺍﻟـﻲ ﺍﻟﺒﺭﻭﺘﻴﻨـﺎﺕ ﺍﻟﻜﻠﻴـﺔ ﻫﻴﻤﺎﺘﻭﻗﺭﻴﺕ ﻭﻋﺩﺕ ﺨﻼﻴﺎ ﻤﺜل ﺍﻟ 
ﺒﻌﺩ ﺫﻟﻙ ﺃﺠﺭﻴﺕ ﺒﻌﺽ ﺍﻟﻘﻴﺎﺴـﺎﺕ ﻋﻠـﻲ ﺍﻟـﺸﻜل . ﻭﺍﻻﻟﺒﻴﻭﻤﻴﻥ ﻭﺍﻟﺠﻠﻭﺒﻴﻨﺎﺕ ﺍﻟﻜﻠﻴﺔ ﻓﻲ ﺍﻟﺴﻴﺭﻡ 
ﺍﻟﻭﺯﻥ ﻭﺍﻟﻌﻤﺭ ﻟﻜل ﺴﻤﻜﺔ ﺜﻡ ﺠﻔﻑ ﺍﻟﺠﺯﺀ ﺍﻟﻤﺎﻜﻭل ﻭﺃﺠﺭﻴﺕ ﻋﻠﻴـﻪ ﺒﻌـﺽ ، ﺍﻟﺨﺎﺭﺠﻲ ﻜﺎﻟﻁﻭل 
  .ﺍﻟﺘﺤﺎﻟﻴل ﺍﻟﻜﻴﻤﻭﺤﻴﻭﻴﺔ
ﻫﻴﻤﺎﺘﻭﻗﺭﻴﺕ ﻭﺘﻌﺩﺍﺩ ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺤﻤﺭﺍﺀ ﻓﻲ ، ﺕ ﺍﻟﺘﺠﺎﺭﺏ ﻨﻘﺼﺎﻥ ﻓﻲ ﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ ﺃﻅﻬﺭ
ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺍﻟﻤﺼﺎﺒﺘﻴﻥ ﺒﺎﻟﺩﻴﺩﺍﻥ  ﺍﻟﻤﻌﻭﻴﺔ ﻜﺫﺍﻟﻙ ﺘﻼﺤﻅ ﻨﻘﺼﺎﻥ ﻓﻲ ﺍﻟﺒﺭﻭﺘﻴﻨـﺎﺕ ﺍﻟﻜﻠﻴـﺔ ﻓـﻲ 
   . ﺍﻻﻟﺒﻴﻭﻤﻴﻥ ﻭﺍﻟﺠﻠﻭﺒﻴﻨﺎﺕ ﺍﻟﻜﻠﻴﺔﻲﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺍﻟﻤﺼﺎﺒﺘﻴﻥ ﻟﻡ ﻴﻼﺤﻅ ﺃﻱ ﺘﻐﻴﺭ ﻓ
ﻟﻡ ﺘﻅﻬﺭ ﺍﻱ ﺘﺎﺜﻴﺭ ﺒﺎﻟﻁﻔﻴﻠﻴﺎﺕ ﺍﻟﻤﻌﻭﻴﺔ ﻜﺫﺍﻟﻙ ﻟﻡ ﻴﺘﺎﺜﺭ ﺘﻤﺎﻴﺯ ﺃﻤﺎ ﺘﻌﺩﺍﺩ ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺒﻴﻀﺎﺀ 
  . ﺘﻌﺩﺍﺩ ﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺒﻴﻀﺎﺀ
( ﺍﻴﺯﻴﻨﻭﻓﻴـل )ﻟﻡ ﻴﻼﺤﻅ ﺍﻱ ﺍﺜﺭ ﻟﻠﺩﻴﺩﺍﻥ ﺍﻟﻤﻌﻭﻴﺔ ﻋﻠﻲ ﺘﻌﺩﺍﺩ ﺍﻟﺨﻼﻴﺎ ﺍﻟﻤﺤﺒﺔ ﻟﻠﻭﻥ ﺍﻟﻭﺭﺩﻱ 
ﻤﺎﻋﺩﺍ ﺘﻌـﺩﺍﺩ ( ﻤﻨﻭﺴﺎﻴﺕ)ﺍﻟﺨﻼﻴﺎ ﺍﻟﻠﻴﻤﻔﺎﻭﻴﺔ ﻭ ﺍﻟﺨﻼﻴﺎ ﺍﻟﻭﺤﻴﺩﺓ ، (ﻨﻴﺘﺭﻭﻓﻴل)ﻭﻜﺫﻟﻙ ﺨﻼﻴﺎ ﺍﻟﻌﺩﻟﺔ 
  .ﻟﺨﻼﻴﺎ ﺍﻟﻤﺨﺜﺭﺓ  ﺃﻅﻬﺭﺕ ﺍﺯﺩﻴﺎﺩﺍ ﻓﻲ ﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺒﻁ  ﻟﻼﻨﺎﺙﺍ
  .ﻟﻡ ﻴﺴﺠل ﺍﻱ ﺍﺜﺭ ﺴﻠﺒﻲ ﻋﻠﻲ ﺍﻟﻁﻭل ﺃﻭ ﺍﻟﻭﺯﻥ ﻓﻲ ﺍﻻﺴﻤﺎﻙ ﺍﻟﻤﺼﺎﺒﺔ
 ﺒﻴﻨﻤـﺎ  ﻓـﻲ ﺍﻟﻤﺠﻤﻭﻋـﺎﺕ ﺍﻟﻤـﺼﺎﺒﺔ ﺍﻅﻬﺭ ﻨﻘﺼﺎﻥ ﻓﻲ ﻨﺴﺒﺔ ﺍﻟﺒـﺭﻭﺘﻴﻥ ﺍﻟﺠﺯﺀ ﺍﻟﻤﺄﻜﻭل 
  .    ﺨﻼل ﻓﺘﺭﺓ ﺍﻟﺩﺭﺍﺴﺔﺍﻟﻤﻌﺎﻤﻼﺕ ﺍﻟﻜﻴﻤﻭﺤﻴﻭﻴﺔ ﺍﻻﺨﺭﻱ ﻟﻡ ﺘﺴﺠل ﺍﻱ ﺘﻐﻴﺭ 
  
  
  
 
 
 1
One 
Introduction 
The Red Sea is an inlet of the Indian Ocean between Africa and Asia. 
The connection to the ocean is in the south through the Bab el Mandeb and 
the Gulf of Aden. In the north are the Sinai Peninsula, the Gulf of Aqaba or 
the Gulf of Eilat and the Gulf of Suez (leading to the Suez Canal). The Red 
Sea is a Global 200 ecoregion. Occupying a part of the Great Rift Valley, 
the Red Sea has a surface area of roughly 174,000 square miles (450,000 
km²): being roughly 1,200 miles (1,900 km) long and, at its widest point, 
over 190 miles (300 km) wide. It has a maximum depth of 8,200 feet 
(2,500 m) in the central median trench and an average depth of 1,640 feet 
(500 m), but there are also extensive shallow shelves, noted for their 
marine life and corals. The sea is the habitat of over 1,000 invertebrate 
species and 200 soft and hard corals and is the world's most northern 
tropical sea (PERSGA, 2001). 
The Red Sea is one of the most saline water bodies in the world, due to 
the effects of the water circulation pattern, resulting from evaporation and 
wind stress. Salinity ranges between 3.6 and 3.8 %. 
Red Sea is a direct translation of the Greek Erythra Thalassa (Ερυθρά 
Θάλασσα), Latin Mare Rubrum, Arabic Al-Bahr Al-Ahmar ( ﺮѧﻤﺣﻷا ﺮѧﺤﺒﻟا), 
and Tigrinya . 
The name of the sea does not indicate the color of the water since it is 
not red in color. It may signify the seasonal blooms of the red-colored 
cyanobacteria Trichodesmium erythraeum near the water surface. 
Red Sea holds one of the most spectacular coastal and marine 
environments of the world and has a rich biodiversity. 
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Plate. 1. The Red sea.                                                  Modified from www.Googleearth.com, 
(2007).  
  The photo is not drawn to scale.                    
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 The sea is known for its biological characteristics including its rich 
fauna and flora, particularly coral reefs and numerous fish species has a 
number of unique marine habitats, including sea-grass beds, salt-pans, 
mangroves, coral reefs and salt marshes (Reed, 1964). 
There are about 250 species of fishes known from Sudanese Red sea 
coast out of 1000 encountered from Red Sea .Some biological aspects were 
studies in few species . Example of those studies include the work of 
Mohamed et al (1988) on Mugil cephalus and ElMahi (2003) on 
Pletroponus areolatus  and  P . pessuliferus .More biological studies are 
needed to enhance marine fisheries production in sudan (The investement 
Map,1999) . 
The rabbit fishes(also known as marbled spine foot) got their  
scientific  name  siganadae  from  the Arabic word"Sigan" used  by 
fishermen  for  this  type of  fish. Member of  siganidae  are  one  of  the  
fish  family  that   migrated  from  Red  Sea to  the  Mediterranean Sea. 
This was due to opening the  Suez canal  in 19th centure. Apopulation  of 
Siganus rivulatus  was  recorded  from  the Mediterranean  Sea in 1927 
(Golani,1998). 
Siganus spp. are considered as one of the most important commercial 
fishes in the area (The investement Map, 1999 and Ashowrth and  
Ormond,2005). 
The genus of family siganidae represented 0.68%, 1.03% and 0.93% 
by weight of catch along Sudanese Red Sea Coast for the year 2004, 2005 
and 2006 respectively (Marine Fisheries Administration, 2004,2005, 2006 
and personal communication). The price of  kilogram of "Sigan" ranged 
from 4 to 8 Sudanese Pounds.   
Aumber of factors make diagnostic haematology more challening in 
fish speices than in mammals. First, a review of literature provides in 
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consistencies concerning the nomenclature, cellular differential, 
maturation, and function of fish blood cells. Second, cell count must be 
determined manually, because the nucleated erythrocytes and the over lap 
in the leukocyte size prevent the use of automated methods. Third,the 
number of fish species and their diversity in morphological form and 
ecologic function makes generalization about fishes impossible.The 
gnereric term “fish”includes primitive jaw less vertebrates and vertebrate 
with cartilaginous skeletons as well as more advanced bony skeletons 
(Bernardf, 2000). 
Study in field of fish haematology has spanned the past100 years 
(Blaxhall, 1972; Fange, 1992), however, the literature is often conflicting 
and incorrect. Significant advances to develop hematology as a diagnostic 
tool for fishes have only occurred in the past 15 years, mainly due to new 
information concerning the function and maturation of blood cells, the 
standardization of haematologic technique, and the physiologic response to 
disease. 
The parasitology  of marine fishes have been neglected in past years 
mainly because of the difficulties imposed by the complexities of marine 
environment. In addition such studies were regarded as academic and of no 
practical application,with the increased interest in fish populations and 
farming of marine fish there have been an increased interest in parasites of 
marine fish and disease associated with them .Although the biology of 
whiting Odontogadus merlangus(L) from Irish sea is well documented 
(Garrod and Gambell,1965). 
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This study was carried out on healthy and helminthes infected Siganus 
rivulatus collected from Abu Hashis Area.The  main objective  of  these  
studies  is  to  determine  the  effect  of  the alimentary tract  parasites on  
the  following parameters: 
1- The haematolgical parameters. 
2- The bio chemical composition. 
3- The gross chemical composition. 
4- Identification of major helminth parasites 
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Chapter Two 
Literature Review 
2.1 Abu Hashish Site:  
Abu Hashish Area is one of the landing and/or fishing grounds along 
the Sudanese Coast. It's about 6 km long and extends to about 2 km north 
of the northern point of Port Sudan harbout entrance plate(2). This situation 
enhanced the excecution of a number of studies in the area such as the 
work of: Hamza (1989) on impact of thermal pollution; El Tayeb (1999) on 
the abundance of Trochus spp., Ali et al. (2000) on Environmental impact 
assessment and Ali (2001) on the diversity of Echinoderms. 
2.2 Taxonomy and Distribution: 
The order Perciforms (perch-like) which belong to the class of 
Actinopterygii (ray-finned fishes) comprise over 70% of the fishes caught 
at Suakin (Abu Gideiri, 1968).  
There are 27 species of genus Siganus recorded in the family 
Siganidae, all occurred in the Indo-Pacific Region, Western Indo-Pacific 
Ocean, Several coastal areas in East Africa, the Red Sea and the 
Mediterranean Sea (Randall, 1983 and www.fishbase.org, 2006).  
The discrepancy in the number of siganid species in the Sudanese Red 
Sea Coast apparent from previous studies. Reed (1964) recognized the 
presence of two species Siganus rivulatus and S.stellatus.   
2.3 General Descriptions:  
Rabbitfishes are fishes with a compressed oval body covered with 
minute, thin cycloid scales. The mouth is small with a raw of a close set of 
teeth in each jaw and their body colours are variable. In S. rivulatus the 
body is grey-green to brown on back and silvery below fins, faded yellow-
gold stripes on lower half of the bodyall spines of Siganidae are venomous. 
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Plate. 2. The study Area.        Modified from www.Googleearth.com, (2007). (The photo is not drawn to scale)  
 
 8
2.4 Habitat:  
S. rivulatus inhabits shallow sandy areas often covered by along and 
sea grass, lagoons, around rocks and coral reefs. They are found in schools 
of 50 to several hundred. They can be found at depth down to 20m. S. 
rivulatus has the ability to change its body colouration very rapidly. This 
phenomenon is known as mottled pattern which is camouflage behaviour, 
(Golani, 1998 and www.fishbase, org. 2006). 
2.5 Food and Feeding Habits:  
Every species of fish is adapted to feeding in a particular food or a 
wide spectrum of food items. During the process of development of the fish 
changes takes place in its food (Lagler et al., 1977). The feeding behavior 
is influence by hormones, temperature and the abundance of food (Abdel 
Hameed, 1994 and Bariche, 2005). Popper and Gundermann (1976) 
reported that S. rivulatus begin their life as a phytoplankton feeder on many 
small cycloid and diatoms, then ingest zooplankton consisting of copepods 
species. www.fishbase,org. (2006) stated that Siganus spp are a 
herbivorous fishes of shallow costal water.  
Papoutsoglou and Papaparaskeva-Papoutsoglou (1978) reported that 
the type and amount of food influence significant the body composition and 
its nutritional value.  
Khafaji et al. (1992) studied the biochemical content of some Red Sea 
algae of the genera Ulva, Halimeda, Gracilaria, cystoseria, Padina, 
Sargassum, Laurencia and they concluded that green algae and the red 
algae have the highest protein percentage (17.8 - 25.29%) followed by the 
brown algae with a low protein percentage (6.37 - 8.9%). The ash content 
gave the highest percent in the brown algae and there was no variation in 
the lipids content. 
Dzikowski et al. (2003) reported that parasitological data from S. 
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rivulatus in the Gulf of Aqapa indicate that S. rivulatus has a heteroxenous 
and mono xenous parasite species Opisthogonoporoides sp. and 
Gyllauchen sp. The prevalence of other gut helminth namely Hexangium 
sigani, the nematodes Procamallanus elatensis and Cucullanus sigani was 
also noticed by them.  
2.6 The collection of blood sample: 
If results are to be meaning full, careful collection of blood is 
essential. Numerous techniques have been devised for fish and these fall 
into the following groups: Cardiac puncture, venous puncture, and 
severance of the caudal peduncle; this latter being recommended for small 
fish. The use of a general anaesthetic, tricaine methanesulphanate (MS-222; 
Snados) has been recommended for use before heart puncture (Snieszko, 
1960).  
In some instances worker have felts it necessary to increase the 
amount of anticoagulation above that necessary for the same volume of 
human blood, this should not be done indiscriminately it may affect the 
results of some tests (Dacie and Lewis, 1968). The anti coagulant of choice 
is EDTA, because of its prevention of blood component over a longer time, 
and also its exceptionally effective anticoagulants action.   
2.7 The use of Haematological Techniques: 
Hesser (1960), recognizing the use and reliability of haematology in 
human medicine, sought to adopt these techniques in fish haematology as 
an aid in the diagnosis of fish diseases.  
In medicine, the techniques are used in three and in the following 
order (Davidson and Henry, 1969):  
(i) Differentiation of normal from abnormal blood,  
(ii) Diagnosis of the disease or abnormality,  
(iii)  A haematological study in detail.  
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2.8 Haemoglobin (Hb):  
This is one of the simplest estimations, and is used for many years as 
an indicator of anemia, this has been performed on many species of fish.         
Fish blood haemglobin has been found to resemble that of horse 
haemglobin, producing identical results with the same methods of 
spectrophotometeric analysis (Matsaura and Hasimoto, 1958).  
Haemoglobin concentrations in fishes are low compared to mammals, 
being 5 to 10 g/dl. As with the PCV, more active fishes generally have 
higher haemoglobin and erythrocyte indices have been determined in a 
number of studies. The MCV, which on average ranges from 150 to 350 fl, 
is an effective way to determine the size of red cells, Active fish with 
higher oxygen demands tend to have smaller erythrocytes and consequently 
lower MCV.   The MCH varies considerably due to size variation in 
circulating erythrocytes and runs between 30 and 100 pg. The MCHC 
ranges from 18 to 30 g/dl and is lower in fishes than in mammals due to 
the space-occupying erythrocyte nucleus (Bernardf et al., 2000).  
2.9 Packed cell volume (PCV):  
The PCV is an instrument for measuring the ratio of erythrocytes to 
plasma in the blood, and in effect measures the packed cell volume of 
erythrocytes contains in the blood. Sano (1960) found that the haematocrit 
value fell remarkably with gonad development in both sense of rainbow 
trout Salmo gaidneri (Richardson), the males always being higher than 
female. Snieszko (1960) investigated the use of a microhaematocrit in fish 
management and found it has simple, accurate and rapid method for the 
detection of ordinary anemia. Male fish always gave higher value than 
female fish, indicating according to sex, in order to avoid attributing sex 
differences to other factors. Microhaematocrit values in healthy adult pike 
 11
Esox luciusl ranged widely from 20 - 43.5% with a mean of 32% 
(Mulacahy, 1970). Sex differences in values were noticed, male fish has 
wider range as well as a higher mean value. EDTA was anticoagulant used. 
No shrinkage of cells occurred, and the haematocrit value was unchanged 
2h after collection.  
In general, the haematocrit ranges from 20 to 45%, which more active 
species of fish usually having higher PCV values. The haematocrit can 
increase artifactally from splenic contraction and from erythrocytes 
swelling (Heath, 1987). Change in haematocrit has been noted with 
seasonal variation (Mahoney and McNulty, 1992). However, other studies 
have demonstred no change in haematocrit at different temperatures 
(Hrubec et al., 1997).    
2.10 Blood cell morphology: 
The blood cells present in the peripheral blood of fishes vary with the 
species but include the following: erythrocytes, thrombocytes. 
Lymphocytes, monocytes, neutrophils, hetrophils, eosinophils, basophils, 
and immature forms (Fange, 1992; Zinkl, et al. 1991). Most cells appear to 
have similar functions in fishes as they do in mammals.  
2.10.1 Erythrocytes:  
Fish erythrocytes, unlike mammalian erythrocytes, are nucleated and 
are the most numerous cells in the blood (Bernardf et al., 2000). Smaller 
and slightly basophilic reticulocytes may also be present. The developing 
erythrocytes continue to increase in size and haemglobin content with time, 
resulting in higher mean corpuiscular volume (MCV), mean corpuscular 
haemoglobin (MCH), and MCH concentration (MCHC) in older cell 
(Speckner et al., 1989). Erythrocytes counts may vary with different 
environmental and water quality conditions, although these changes are not 
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well characterized (Mahoney and McNulty, 1992). Erythrocytes counts 
may decrease with disease (Mahoney and McNulty 1992; Iwama et al., 
1986) but it is unclear whether the decrease is due to change in red cell 
number or simply a change in the hydration status of the fish.  
Erythrocyte numbers are usually lower than in mammals and range 
from 1 to 5×106/µL. Erythrocyte counts vary with the need for oxygen. Ice 
fish and thin larval fish often have no discernible erythrocytes being able to 
absorb sufficient oxygen from the water directly into the plasma. Sedentary 
fish have values closer to 1×106active pelagic fish often have counts greater 
than 5×106/µl (Bernardf et al., 2000).   
The method used is visual counting of cells in a Neubauer 
haemocytometer (Peter and Blaxhall, 1971).  
2.10.2 Leukocytes counts:  
The Leukocytes counts of fish blood are considerably higher than that 
of man or other vertebrates (Andrew, 1965). Amounting to more than 
100.000/mm3 in some bony fishes (Puchkov, 1964). Puchkov also stated 
that the numbers in the same species of fish will vary greatly with age, 
season, and sex gland maturation. The pike Esox Iucius (L.) appears to 
have a high count among the fishes, ranging from 79000 to 137000/mm3 
with male showing a wider range than female (Mulacahy, 1970).  
Leukocytes number are a variable but generally range from 30.000 to 
150.000 cells/L in most species; lymphocytes are the most abundant 
leukocyte present, followed by monocytes or neutrophils and then 
eosinophils. Basophils when present are only occasionally seen. Stress 
causes leukopenia characterized by lymphopenia and neutrophilia 
(Ellsaesser and Clem, 1986). The leukocytic response to suboptimal 
temperatures is characterized by leukopenia, lymphopenia, and 
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monocytopenia (Hrubec et al., 1997). Changes with specific diseases are 
not well documented; however, Chinook salmon with bacteria kidney 
disease increased leukocytes count to level above control after 16 days 
(Iwama et al., 1986).  
2.10.3 Differential leukocyte count: 
Hesser (1960) on observing how in human medicine the distribution of 
various types of leukocytes often correlated with specific diseases, 
proposed this as method for use in fish pathology. Blood smears were made 
as for human blood, stained with Hemal stain, and the types of cells 
counted and expressed as percentage.  
Weinreb and Weinreb (1969) found great variability in teleost counts. 
In normal peripheral blood of gold fish Carassius auratus (L.), the normal 
ranges were as follows: lymphocyte 71.12 - 82.88%; neutrophils 4.98 - 
12.30%; eosinophils 0.78 - 2.06%; basophils 0.17 - 1.99%; thrombocytes 
3.00 - 13.00%; blast cells 1.68 - 3.32; macrophages 0.38 - 1.38% and 
progranulocytes 0 - 0.69%. 
2.11 The structure and Function of blood cells: 
The responses of blood cells of gold fish Carassius auratus (L.) to 
experimentally included endocytosis were studied by Weinreb and Weinreb 
(1969). The cell found to respond were the lymphocytes, immature and 
mature neutrophils, blast cells, and occasionally eosinophil. Change in 
blood picture could be attributed to changes in production and out put of 
cells from haempoitic sites, and/or changes in cell populations in the 
circulation.  
The thrombocyte is the cell type responsible for coagulation of blood, 
their shape is variable, depending on their activation state and the change 
from spiked or oval to round as the cell becomes activated during clotting. 
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In anti coagulated blood, the nucleus may segment or remain oval. The 
cells are similar to mammalian platelets with an interconnecting system and 
cytoplamic granules (Ferguson, 1976).  
Fish lymphocyted are usually desingnated as small or large, although 
true functional differences between the sizes have not been documented as 
in mammals; there are T, B and non specific cytotoxic lymphocytes (Clem 
et al, 1991; Ferguson, 1976).  
Neutophils (often mistakenly referred to as heterophils) are one of the 
largest circulating cells in the blood granules are not observed with light 
microscope but the cytoplasm may have a grainy appearance in most 
species, the nucleous is open and usually oval to kidney -bean-shaped, but 
in some species the nucleous may be lobulated or segmented (Bernardf et 
al., 2000). Heterophils have been described for a number of fish species. 
Heterophils are the same size or slightly smaller than neutrophils with pale 
eosinophils to lavender granules. In the literature, it is often difficult to tell 
whether   a cell is truly heterophilic or whether the cell is being called a 
heterophil under mistaken belief that non mammalian species have 
heterophilis in place of neutrophil. Fishes usually have either neutorphils or 
heterophils, although some species have both differences between fish 
neutrophils and heterophils have not been determined (Bernardf et al., 
2000). 
Eosinophils and basophils are described for some species. Eosinophils 
are the same size or slightly smaller than neutrophils, with esoinophile 
granules in cytoplasm. Esoinophil function in parasite killing and 
phagocytosis. Little is known about basophil morphology and function, but 
it is thought to be similar to basophils in mammals (Bernardf et al., 2000). 
Monocytes are round, with nucleous varying from round to horseshoe-
shaped the cytoplasm stain a deep blue and are often vacuolated.  
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As in mammals, monocytes circulate through the blood, migrate into 
the tissues, and become macropahes. Monocytes and macropahges are 
primary phagocytic cell in fishes (Blazer, 1991).  
The haemopoietic tissues in fishes are primary the anterior kidney 
(pronephors) and the spleen. All the cellular elements in the blood are 
produced in these organs. The primary of erythropoiesis is usually the 
anterior kidney with secondary sites in the spleen, although the spleen may 
be the primary site in some species (Glomski et al., 1992).  
The spleen is also the site for lympoiesis. Thrombocytes, monocytes, 
neutrophils, eosinophils, and basophils are produced in the anterior kidney 
(Pica et al., 1996). Blood cells are produced in hemopoietic tissue but 
significant maturation occurs in circulation.  
Blood coagulation in fishes is not well studies but appears to be 
similar to mammalian coagulation. Substances that are vaso active or 
aggregate platelets in mammals have a similar function in fishes. The blood 
coagulation cascade contains both intrinsic and extrinsic pathways (Fange, 
1992; Van vliet et al, 1985). Stress causes thrombocytosis and decrease in 
clotting time (Casillas and smith, 1977).  
2.12 Changes in haematological values:  
2.12.1 Physiological stress:  
Before normal values can have significant meaning in the field of 
diseases diagnosis, it is necessary to know the stress that may produce 
abnormal results and seek to minimize these.  
Fish live very intimate contact with their environment, and are 
therefore very susceptible to physical and chemical changes which may be 
reflected in their blood components. The blood of carp cyprinus carpio (L) 
is said to give lower haemoglobin and haemotcrit values, but higher ESR in 
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winter than spring (Murachi, 1959). Carp starved for several weeks are also 
said to give abnormal blood characteristics, pinfish Lagodon rhomboidies 
(L) in response to high temperatures gave increased haemotocrit and mean 
erythrocyte volume (Camerson, 1970). Studing the leuckocyte number of 
cultured fish (Enomato, 1969) found a decrease in lymphocyte numbers 
during oxygen deficient conditions; there was no difference in numbers 
before and after feeding, and number did not vary between heart blood and 
tail cut blood.  
Barnhart (1969) in order to determine any significant variations in 
normal values of rain bow trout Salmo gairdneri (Richardson) which could 
be attributed to strain, sex, age and diet studied 12 values; physical, 
biochemical, and haemotological. Significant variation in the blood 
components could be attributed to strain, diet and/or age. Sex seemed to 
have no significant effect, possibly because the trout were immature. He 
also found that the differences in average values were small, and although 
seeming  significant, they may be biologically insignificant. The range of 
normal values given would encompass the small differences in average 
values between diet, strain and combination of these factors. This is 
compared able with what would be anticipated with humans. His results do 
emphasize the need to minimize the physical variables in studying 
haematology of fish. The information derived needs relating to 
experimental conditions i.e. age of fish, water temperature, diet, species, 
source of fish, sampling and testing techniques.  
2.12.2 Change due to disease:  
In fish haematology progress only seems to have been made in the 
diagnosis of anemia. Kawatsu (1969) found a brook trout Salvelinus 
fontinalis (Mitchill) suffereing from a macrocytic anemia, the 
haematological data and blood picture resembling that of human pernicious 
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anemia, though the cause of the anemia was not stated.  
Amegaloblastic macrocytic anemia was experimentally produced in 
coha salmon fed on a folic acid deficient diet (Smith and Halver, 1969).         
Enomato (1969) found that the immature leukocytes (lymphoid haemblast) 
were 0% to 0.2% in most fish species not changing with growth maturation 
or temperature. They only increase when infectious disease or 
inflammation were observed. Ageneralized increase in leukocytes in the 
gut gold fish Carassius auratus (L) suffering from furnculosis was 
observed by Mawdesley- Thomas (1969). Dunbar (1969) found a 
lymphoma in a brook trout Salvelinus fontinalis (Mitchill) closely 
resembling certain leukemia in man. The leukocytes seem to be regulated 
by a complex mechanism which is not fully understood as yet.  
In the sphere of human haematology and diagnosis of disease, 
examinations are made of the erythropoitic system to exclude anemia; and 
also of the leukopoiteic system for qualitative and quantative changes. A 
study of the leukocytes may help in establishing a diagnosis; following the 
course of a disease and aiding in prognosis, but of course other concurrent 
clinical examination are a routine necessity (Peter and Blaxhall, 1971).  
2.12.3 Toxic environmental factors:  
As many poisons being introduced into the environment of fishes, 
such as metals, phenolic derivations, detergents and pesticides etc. in sub 
lethal doses, one would except the possibility of some haematological 
changes taking place. Mawdesley –Thomas (1971) said we are relatively 
ignorant of fish pathology, of fish biochemistry and of the toxic substances 
being introduced into watery environments. It has been shown that some 
toxic chemicals in sub lethal doses may sub stantially alter fish behavior 
patterns in laboratory tests and some poisons accumulate in fish tissues.                    
The Mawdesley-Thomas (1971) were  pointed out that the rain bow trout 
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Salmo gairdneri (Richardson) most sensitive biological system for testing 
carcinogenicity of various biologically active compound. With all fish 
species however, before further documentation concerning anatomy, 
histology, haematology, and biochemistry are required. This type of testing 
could lead to extremely useful information in assessing the effect of 
environmental pollution on fish, and the following examples illustrate the 
possible relationship obtained.  
Baker (1969) using elctromicroscopy and histological techniques 
studied the effects of copper on winter flounder pesudopleuronectes 
americanus (walbaum).change were seen in various tissues including the 
haemopoietis tissue, but these are only observable under electron 
microscope. It has been pointed out (Doudroff and Kate, 1957) that chronic 
or cumulative intoxication may stunt growth, increase disease susceptibility 
and decrease reproduction in fish.  
2.13 Biochemical composition: 
The plasma chemical composition has been analysed in many different 
species of fish and data on this subject can be found in a recent review 
(Holmes and Donaldson, 1969).  
The total plasma protein concentrations in goose fish lophius 
piscatorius correspond to the data given for other marine teleosts, and are, 
in general, lower than those of the fresh water. Teleosts in this species seem 
to have a tendency to high vaules in females particulary in sexual maturity 
(Palacios et al., (1972).  
A sex difference is not seen in other species (Grant et al., 1970). The 
electrolyte concentration in plasma is lower in all marine teleosts.  
        The protein patterns of fish blood are known to change rapidly in 
quality and quantity under a variety of stimuli. Among the many factors 
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that have been cited as contributing to this variation, the principal ones are: 
sex, age, seasonal change (Poston, 1970), disease state (Mulacahy, 1969), 
toxicity and intra specific hybridization (Tsuyuki and Roberts, 1965).  
2.14 Gross Chemical Composition: 
The food value of a fish species is determined by the relative 
abundance of the main components of the flesh: protein, fat and water 
(Mahmoud, 1977). The flavour is often due to the presence of specific 
amino acids and oil characteristic of each fish species (Kirk and Sawyer, 
1991).  
Abdel Hamed (1994) stated that on the average the chemical 
composition of the fish for moisture, protein, ash and fat is ranging from 64 
- 84%, 15 - 30%, 0.08 - 2% and 0.1 - 24%, respectively which largely 
depends on its food and habitat.  
The composition of the edible proportion of the flesh of fish (50-60% 
of the total) differs only slightly in different species except for the content 
of fats which normally varies considerably even in the same fish depending 
on its reproductive cycle (Svensson et al., 2004).  
Al-Saleh and Shinwari (2002) studied the concentration of heavy 
metals; cadmium, lead, nickel, vanadium and arsenic in many species; 
Emperors, Rabbitfishes, Doublebar-breem and Greasy -grouper. They 
found that the highest concentrations of cadmium, vanadium, lead and 
nickel were found in rabbitfish Siganus canaliculatus, while arsenic was 
low.  
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2.15 Adult-stage Nematodes  
Morphologically, nematodes are cylindrical which become normally 
narrower at the two ends. 
Sexes are usually separate and development is direct and simple. Female 
worms are normally longer than male worm. Posterior end of the male is 
curved and has copulatory spicules used for copulation. 
Nematodes, also called roundworms, occur worldwide in all animals. They 
can infect all organs of the host, causing loss of function of the damaged area. 
Signs of nematodiasis include anemia, emaciation, unthrift ness and reduced 
vitality. Three common nematodes affecting fish are describe (Klinger and Floy, 
2002) 
2.15.1 Species affected: 
Potentially all freshwater and brackish water fish may be affected, 
with heavier infections in predatory fish, particularly by species also 
utilizing fish as intermediate or transient hosts (Boomker, 1982). 
2.15.2Taxonomy, description and diagnosis: 
Khalil (1971) reports 40 species of adult nematodes, representatives of 
9 families from fish in Africa. The majority occurs in the alimentary system 
and only a few enter tissues or inner cavities (Philometridae and 
Anguillicolla, the swimbladder). 
Isolated nematodes should be fixed in warm (80–90°C) 10% neutral or 
saline formalin, or in 70% alcohol, and preserved in either solution, mixed 
with 1% glycerine. There are several morphological criteria which will 
allow recognition of representatives of most families and even some 
genera, Taxonomic determination, to genera and species nonetheless needs 
wider experience in nematodology (Kabata, 1985). 
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2.15.3 Life history and biology: 
Oxyuroidea (such as the Oxyuridae and Kathlanidae) are monoxenous 
(single host) and occur in the intestines of detritus feeders (Citharinus, 
Distichodus) and omnivorous fish (Synodontis, Oreochromis and Barbus) 
(Khalil, 1971). 
Copepods are first intermediate hosts to Camallanidae, Cucullanidae, 
Philometridae and Anguillicolidae. In Egypt (Moravec, 1975b) studied the 
life cycles of Procamallanus laevionchus and Paracamallanus 
cyathopharynx and obtained a development of the first three larval stages in 
Mesocyclops leuckarti. Camallanidae give birth to first stage larvae, which 
are ingested by the copepods.  
Nematodes are often very fastidious in their choice of copepod hosts 
(and will not develop in species of Cyclops, Diaptomus or cladocerans). 
However, larvae of Anguillicola crassus developed successfully in an 
ostracod (Petter et al., 1990).  
Larvae in copepods, or other invertebrate intermediate hosts, will 
develop to fourth stage larvae and further into adult males and females 
when ingested by a suiTable definitive host. Larvae ingested by “wrong” 
piscine hosts often survive as waiting stages (fourth stage larvae) in the gut 
or other tissues for a variable length of time and continue development into 
the adult stage if their carrier host (parataenic host) is predated by the 
compatible host (Moravec, 1975b).  
The family Philometridae is represented in Africa by two genera: 
Nilonema gymnarchi in the lung-like air bladder sacs of Gymnarchus 
niloticus and Thwaitia bagri, under the skin lateral to the mouth in Bagrus 
bayad (Khalil, 1969). Gravid N. gymnarchi presumably escape from the 
lungs into the water to discharge larvae (Khalil, 1969). Gravid worms of T. 
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bagri only appear during December–February. Strict seasonality reported 
in some species of Philometra was linked with the host reproductive season 
(Paperna and Zwerner, 1976). 
2.15.4 Pathology and epizootiology:  
Nematodes that use fish as intermediate hosts are much more injurious 
than adults, mainly because they infected tissues. The host’s defensive 
response results deposition of fibrous capsule around the encysted larva. 
Exstensive degenerative change and necrosis may occur around cyst. 
Because they are coelozoic, adult nematodes rarely cause serious injury. At 
most they cause local lesions of no great significant to the host’s general 
health. Heavy nematode infection, especially in small and young fish, may 
more serious. However, as the intensity of infection usually increases with 
age; young fish are seldom heavy infected (Moravec and Rehulka, 1987).   
Nematodes usually do not aquaculture However, because some 
nematodes can infected man, they may pose a danger to public 
health,Gantostoma spinigerum , for example, produces pain full swellings 
in humans (Kabata, 1985) .    
Infection is widespread in wild eels (Peters and Hartman, 1986) and 
occasionally occurs in earth ponds, but it is unlikely to spread in 
hyperintensive systems where copepods, the intermediate hosts, cannot 
usually survive (Hirose et al., 1976). Pathological effects vary with growth 
conditions and eel species. Heavy infection causes haemorrhagic 
inflammation of the swim bladder, but it may not necessarily always 
disrupt fish growth. It may, however, decrease the eel’s tolerance to 
transport stresses (Paggi et al., 1982). In South Africa, infection by an 
endemic species was found in cultivated eels only. Nematode or round 
worms have along been known out to parasitize marine fishes and are 
found through out the seas of world. One recent systematic compilation 
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(Yamaguti, 1961) listed some 300 species representing more than 40 
genera in 17 families, from marine fishes Most adult nematodes in fishes, 
especially that living in digestive tract, likely have shorter life span, 
probably less than a years.  
2.15.5 Control: 
Experimental treatment of Anguillicola crassus in european eels by 
helminthicides (levamizol, mebendazol, or ivermectin) has produced 
satisfactory results. Levamizol was most effective, applied as a bath of 1 
mg/l for 24hrs, when LD 50 to 20–40 cm eels was 250 mg/l for 24hrs 
(Taraschewski, 1988). Experience with other nematodes is lacking. 
2.16 Thorny-Headed Worms- Acanthocephala: 
Parasitic thorny headed worms with complex life cycles; sexes 
separated; adults found in intestines of vertebrates (definitive host), larvae 
found in hemocoel (body cavity) of arthropods (intermediate hosts) and 
sometimes in body cavities of vertebrates (paratenic or transport host 
(Crompton et  al.,1985).  
2.16.1 Species affected and geographical range: 
 Present in representatives of diverse African fish families (Khalil, 
1971). The geographic range of these parasites is sometimes narrower than 
that of their specific hosts, for example, the cichlid parasite Acanthogyrus 
tilapiae is widespread in tropical Africa including Madagascar 
(introduced), but it has not yet been found in the Near East, the Sudan Nile 
or South African cichlids (Paperna, 1964; Khalil, 1969) 
2. 16.2 Distrobution: 
Acanthocephalans are found throughout the world, including in fish at 
deep-sea hydrothermal vents (Kabata, 1985). 
 24
2. 16.3 Description taxonomy and diagnosis: 
Acanthocephala are readily recognized by their evaginable proboscis 
crowned with several rows of recurved hooks. In the encased larval stage, 
in tissues, the spiny proboscis is retracted. The worms are sac-like, 
containing lemnisci connected to the proboscis and genital organs opening 
posteriorly. The sexes are separate and the male opening is within a 
membranous bursa. An alimentary canal is absent. 
The number and arrangement of the hooks on the proboscis are the 
main criteria for differentiation of species. A wider range of anatomical 
details are considered for determination of higher taxa (Kabata, 1985). 
Incubation in tap water helps to extract the proboscis prior to fixation 
in hot or cold alcohol 70%, formol saline 4%. 
2. 16. 4 Physical characteristics: 
Adults are cylindrical or slightly flattened worms that are usually 
white or colorless; however, some species may be yellow, brown, red, or 
orange. Acanthocephalans are never segmented, although some species 
exhibit superficial pseudosegmentation. As adults acanthocephalans 
measure from less than an inch (a few millimeters) to more than 24 in (60 
cm) in length, with the archiacanthocephalans being the largest ones. These 
worms are sexually dimorphic with females usually larger than males, 
(Moore, 2002). 
2. 16. 5 Habitats: 
Adults are intestinal parasites of mammals, birds, fishes, amphibians, 
and reptiles. Larvae develop in the hemocoel of mandibulate arthropods 
(crustaceans, myriapods, and insects) (Golvan, 1994). 
2. 16. 6 Behaviors: 
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Acanthocephalans usually occupy precise niches within the intestines 
of their definitive hosts. However, some species have been shown to 
migrate along the intestinal tract during the term of infection. Such 
migration is correlated with both host diet and sexual maturity of the 
worms. Nothing is known of acanthocephalan behavior and 
communication, and there is no evidence of chemical attractants being 
released to assist in mates finding each other within the host's digestive 
tract. However, acanthocephalans are known to modify the behavior of 
both their definitive host (e.g., to induce giddiness) and intermediate hosts 
(e.g., to induce positive phototropism or decrease/alter intermediate host 
evasive responsiveness). Further, some species also selectively alter the 
coloration of their intermediate hosts. Such alterations are known to favor 
transmission of acanthocephalan infective stages to their definitive hosts 
via increasing intermediate host susceptibility to predation. Disruption of 
definitive host behavior is speculated to affect transmission by altering host 
distribution and selection of habitat. Because acanthocephalans attach 
themselves to the intestinal wall of their host, they may induce pathology, 
such as inflammation of the surrounding tissues, perforation of the 
intestinal wall, peritonitis, enlargement of the intestine, and edema, in their 
host. Results of infection may be fatal while other cases may appear to be 
mild; oftentimes, more numerous the worms, the more serious the 
infection. Further, some acanthocephalans have been shown to disrupt host 
digestion and energy metabolism, which has been shown to have serious 
detrimental effects during periods of host stress (Herlyn et al., 2003). 
2. 16.7 Feeding ecology and diet: 
Acanthocephalans have no digestive tract but selectively absorb 
nutrients from the host's intestine across their tegument. However, 
knowledge in this area is limited and is based on only a few species whose 
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feeding and metabolism have been studied. The major substrate for 
acanthocephalan metabolism is carbohydrate, with ethanol being the main 
end product. Uptake of monosaccharides appears to involve active 
transport mechanisms. Some species may store glucose in the proboscis 
receptacle muscle, and intense labeling of the cytoplasmic core of the 
hollow muscles following uptake of radiolabled glucose occurs. However, 
it has not been reported whether this latter area acts as a storage site, or 
whether it plays a role in distributing nutrients throughout the body. The 
plasma membrane at the surface of the tegument shows hydrolytic activity 
and tegumental surface crypts within which various enzymatic activities 
have been localized. These crypts increase the absorptive surface area and 
are considered to be extra-cytoplasmic digestive organelles. Various amino 
acids are known to be absorbed through the tegumental surface, but their 
role in metabolism is not clear. Routes of absorption also vary according to 
the amino acid studied. Lipids are absorbed and then stored in the lemnisci, 
although controversy exists as to whether the primary site of lipid 
absorption is the body wall or the neck/proboscis region. While large 
amounts of lipids may be deposited in acanthocephalans, they are not 
thought to be used in metabolism (Taraschewski, 2000). 
2. 16.8 Life history and biology: 
All acanthocephalans develop via one or more intermediate hosts 
(heteroxenous). Adult acanthocephalans are all gut parasites. Eggs are laid 
into the intestinal lumen and evacuated with faces. First intermediate hosts 
of piscine acanthocephalans are amphipods, isopods, copepods or 
ostracods. The first larvae, the acanthella (acanthor), hatch from eggs after 
being swallowed by a suiTable invertebrate host. Some species will 
develop to the adult stage when their larvae in the invertebrate host are 
ingested by the definitive vertebrate host (Schmidt, 1985). Fish can also 
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serve as intermediate hosts, harbouring a second larval stage (the acanthor 
or cystacanth). Definitive hosts of such acanthocephalans are either 
predatory fish or piscivorous birds (Hoffman, 1967). 
Life histories and intermediate hosts of acanthocephala of African fish 
are at present unknown.  
2. 16.9 Significance to humans: 
Very few species of acanthocephalans are known to induce 
acanthocephaliasis in humans. Symptoms such as giddiness, acute 
abdominal pain, tinnitus, edema, constipation, diarrhea, undernutrition, and 
underdevelopment have been reported. The disease is fairly rare (only 
several hundred cases reported) but may be fatal. Humans obtain the 
parasite by ingesting infected intermediate hosts either accidentally, as part 
of their regular diet, or for medicinal purposes. In the former case children 
are most often affected. Eating sashimi (or raw fish in general) may also be 
a way for humans to become infected with acanthocephalans. 
Acanthocephalans, particularly those parasitizing fish, are known to 
selectively accumulate toxic heavy metals, such as lead and cadmium, in 
extremely high proportion relative to their surrounding host tissues and 
host environment. Consequently, their potential use in monitoring  
Polluted environments are an active avenue of research (Muller and Ralph, 
2002). 
2. 16.10 Epizootiology: 
Host specificity of acanthocephalans is variable and may be evaluated 
only where sufficient data are available, which is not the case for most 
African fish species. Acanthogyrus tilapiae is specific to Cichlidae, while 
other species have been found in Cyprinidae, Paragorgorhynchus 
albertianum is indiscrminate in its choice of hosts (Khalil, 1971). 
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Epizootiological data are limited to natural infections: In the Sudan White 
and Blue Nile, 5–27 Tenuisentis niloticus occurred in 93% of Heterotis 
niloticus, 6–43 Neoechinorhynchus sp. in 26% of Citharinus citharus and 
2–5 unidentified acanthocephala in 60% of Synodontis batensoda (Khalil, 
1969). Similarly abundant infections were found in the same fish in L. 
Chad (Troncy, 1974). Acanthogyrus tilapiae is a fairly common parasite of 
cichlid fish in tropical Africa, in Lake Kariba, 63% of the Tilapia rendalli, 
and all four Oreochromis mortimeri examined harboured worms, of which, 
one specimen had over 100 worms (Douellou, 1992 a, b). 
2. 16. 11 Controls: 
To control infections in coldwater fish farms, medicated feed with 
Bithionol (2.2-thio bis (4, 6-dichlorophenol), is recommended, at a dose of 
0.2 g/kg fish (Hoffman, 1983). Feeds medicated with Di-N-butyl tin oxide 
are also potentially effective. 
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Chapter Three 
Materials and Methods 
3.1 The collection of fish sample: 
Siganus rivulatus plate (3) used for  this  study  was  collected from 
Abu Hashish area using a cast net 3× 3 cm mesh size. Collections were 
performed during early morning. The fishes were divided into 4 groups on 
the basis of sex and infection Fifteen fishes are confined each group as 
follow: control male and female, infected male and female. 
The study period was extended for four weeks continuously from 
February to March 2007. The specimens were rapidly taken to the Research 
laboratory of the Faculty of Marine Science and Fisheries to perform 
biological studies enlisted below. 
 Fish identification followed (Reed, 1964; Abu Gideiri, 1968 and 
1984). 
3.2 The collection of blood samples: 
Blood was collected immediately after capture by severing the caudal 
peduncle (Klontz and Smith, 1968). EDTA container then was put below 
the tail to collect drawn blood. Blood from each fish was collected 
separately and put into two containers containing EDTA: one for 
hematological tests and the other for plasma separation. 
3.3 The collection of Helminth parasites: 
First of all the skin, fins, gills, and opercula were examined for 
parasites. 
A ventral incision was made from the anus to the pectoral fin. General 
cavity wall was cut at the level of the superior part of stomach and the level 
 30
of the rectum, the digestive tract was cut and deposited into a Petri dish.  
The gut is carefully dissected through out its length with scissors 
(direct the interior scissors tip on the interior superiors wall of the gut in the 
goal not to cut the parasites present in the intestinal tube).The worm was 
removed from the hosts intestine into a Petri dish in saline water, gently 
washed and placed into marked bottle with very small amount of hot 4% 
formalin. 
Using light microscope the worms were identified according to 
(Yamaguti, 1961) systemic compilation and (Kabata, 1985) key, plate (4) 
and (5). 
3.4 Morphometric measurement: 
A total of 60 species Siganus rivulatus were collected during the 
period from February to March 2007. 
The body morphometric measurement was done following, 
(Mohamed, 2003). The total length (TL), standard length (SL) were 
measured to nearest 0.1cm and body weight (BW) were weighted to the 
nearest 0.01grams in electronic balance. 
3.5 Age determination: 
Bony structure of fish such as operculum bones and vertebrae are 
commonly used in age determination (El Mahi, 2003). In this study the 
operculum bone was applied for Siganus rivulatus. 
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3.5.1 Determination of age from the operculum bones: 
The two opercula bones from each fish sample were removed and kept 
in 5% formalin in a marked bottle. They were boiled for 10 minutes with 
sodium carbonate, cleaned from the flesh and skin washed under tap water 
and left to dry. The two opercula were then kept in an envelope for further 
reading under binocular microscope at a magnification of (12-25x) as 
suggested by Shafi and Maitland, (1971). 
 
 
 
 
 
 
 
 
 
 
 
Plate 3: Siganus rivulatus  
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 Plate 4: Adult-stage Nematodes 
 
 
 
Plate 5: Thorny-Headed Worms- Acanthocephalans 
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     (%)                       PCV   
RBC count in million/m3 
3.6 Haematological Methods: 
These techniques were carried out as described by Lea and Febiger 
(1975). 
3.6.1 Haemoglobin Concentration: 
Haemglobin concentrations determined by cyanomethaemoglobin  
technique using a haemoglobin meter (Evans Eletroselenium Ltd, England 
).The method is base on conversion of haemoglobin by means of Drabkins 
solution (0.2g potassium cyanide, 0.2g potassium ferric cyanide, and 1g 
sodium bicarbonate per one liter of distill water ) to cyanmethaemoglobin . 
Haemglobin concentration was measured in g/dl blood. 
3.6.2 Total erythrocytes count: 
       Red blood cells were counted with Neubauer haemocytometer 
(Hawksley and Sons Ltd, England. Formal citrate was used as adiluent. 
3.6.3 Packed cell volume (PCV): 
Fresh blood samples were centrifuged in a microhaematocrit 
centrifuge (Hawksley and Son Ltd, England) for 5minutes. The PCV 
percentage was read off on scaling instrument provided with the centrifuge. 
3.6.4 Mean corpuscular volume (MCV): 
The MCV in cubic micron was calculated from RBC count and PCV 
values as follows: 
 
MCV (fl) =     ×10  
                                                                     
3.6.5 Mean corpuscular haemoglobin (MCH): 
The MCH was calculated from Hb and RBC values as follows:  
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     )             dl/g(         Hb   
RBC count in million/m3 
 
MCH (pg) =     ×10                
                         
3.6.6 Mean corpuscular haemoglobin concentration (MCHC): 
The MCHC was calculated from Hb and PCV as follows: 
MCHC (g/dl) =  
 
3.7.7 Total leukocytes count (WBC): 
White blood cells were counted with improved Neubauer 
haemocytometer (Hawksley and Sons Ltd, England). Turks fluid (1% 
glacial acetic acid, tinged with gention violet) was used as diluent.   
3.6.8 Differential counts: 
Thin blood smears on clear slides were made from freshly collected 
blood of Siganus rivulatus and stained with Lesishmans stain. The 
battlement method described by Lea and Febiger (1975) was used for 
differential leukocyte count. 
At least 100 cells were counted in each blood smear and average 
percentages were recorded.  
3.7 Biochemical methods:  
3.7.1 Total protein determination: 
A total protein was measured according to Peters (1968) by a 
spectrophotometric method using commercial kits (linear chemical, 
Barcelona, Spain).  
Principle:  
  100     ×)dl/g( Hb         =  
          PCV (%) 
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The methods are base on biuret reaction in which a chelate is formed 
between Cu2+ion and the peptide bonds of protein in alkaline solution 
(NaOH) to form violets colour complex. The intensity of colour produced 
is proportional to concentration of protein in sample.  
Reagent: 
The reagent were as fellows 
R1: NaOH                 0.75mol/L 
Ethylene Glycol         0.2mol/L 
Cu SO4                    6mol/L 
Procedure: 
Blank, unknown and standard tubes were prepared. 2.5ml of working 
reagent was added to the blank tube. The unknown tubes contained 50µl of 
sample plus 2.5µl of working reagent. The standard tube contained 50µl of 
standard solution and 2.5µl of working reagent. The contents of the tubes 
were througly mixed and then allowed to stand for at least 20 minutes at 
room temperature. The absorbance  of unknown and standard  were then 
measured against the blank reagent. 
Calculations: 
Total proteins (g/dl) = Abs. Unknown × Conc. Standard  
                                                 Abs. Standard        
3.7.2 Albumin determination: 
Albumin concentration was determined according to Webster, (1974) 
by spectrophotometric method using commercial kits (linear chemicals, 
Barcelona, Spain). 
Principle: 
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In sample bromocresol green change the colour of the indicator from 
yellow - green to green blue at slightly acidic pH if albumin is present.The 
intensity of colour produced is proportional to concentration of albumin in 
sample.  
Reagents: 
R1. BCG pH 4.2 50 mmol/L 
Standard albumin solution 5g/dl 
Procedure: 
  Three tubes were prepared, one blank (1), the second unknown (2) 
and the third standard (3). In the blank tubes 2.0 ml of the working reagent 
were added. The next tubes unknown (2) contained 10 µ/l of standard and 
2.0ml of working reagent were added. All tubes contents were then well 
mixed and allow to stand at room temperature for at least 10 minutes. Then, 
the absorbance of unknown and standard was measured against blank 
reagent at wave length of 630nm. The colour so obtained was sTable at 
least 60 minutes.  
Calculations: 
           Albumin (g/dl) = Abs. unknown × Conc. Standard 
                                                     Abs. Standrd 
3.7.3 Total globulins: 
 Total globulins were approximatlely found by subtracting total 
albumin from total proteins. 
3.8 Gross chemical composition:  
3.8.1 Preparation of sample:  
Sixty fish samples from Siganus rivulatus prepared as dried powder in 
oven at 70Cْ for 24h to determined moisture, proteins, lipids, and Ash.  
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3.8.2 Determination of protein, lipid, moistures and Ash:  
The standard methods of American official Analytical chemist 
(A.O.A.C, 1990) were adopted to determine moisture, protein, lipid and 
ash.  
3.8.2.1 Determination of protein:  
3.8.2.1.1 Kjeldhal method:  
Principle: 
          The nitrogen of amino acids is converted into ammonium sulphate by 
digeting the sample with conc. Sulphuric acid in the present of catalyst. 
Ammonia librated after neutra-lizing the acid is steam distilled into boric 
acid solution  and amount of ammonia is estimated by titration using  
standard sodium hydroxide and converted into present protein. 
 Procedure: 
 Digestion: 
The fish powder sample to be analyzed is weighed into a digestion 
flask (3 - 5 gram of sample) and then digested by heating in the presence of 
sulfuric acid (an oxidizing agent which digests the sample), an hydrous 
sodium sulfate (to speed up to the reaction by raising the boiling point) and 
a catalyst, such as hydrogen perioxides, copper, selenium, titanium, or 
mercury (to speed up the reaction). Digestion converts any nitrogen in the 
sample (after that which is in the from of nitrates or nitrites) into ammonia, 
and other organic matter to CO2 and H2O. Ammonia gas is not librated in 
acid solution because the ammonia is the form of ammonium ion (NH4+) 
which binds to the sulfate ion (SO42-) and thus remains in solution:  
N (sample)                              (NH4)2SO4      (1)                           
Neutralization:  
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  After the digestion has been completed the digestion flask is 
connected to a receiving flask by a tube. The solution in the digestion flask 
is then made alkaline by addition of sodium hydroxide into ammonia gas:  
(NH4)2 SO4 + 2 NaOH                          2NH3 +2H2O + Na2SO4   (2)      
 
The ammonia gas that is formed is liberated from the solution and 
moves out of the digestion flask and into the receiving flask. This contains 
an excess of boric acid. The low pH of the solution in receiving flask 
converte the ammonia gas into ammonium ion, and simultaneously 
converts boric acid to borate ion:  
NH3 + H3BO3 (boric acid)              NH4+ + H2BO3 (borate ion)  (3)          
Titration:  
The nitrogen content is then estimated by titrating of the ammonium 
borate formed with standard sulfuric acid or hydrochronic acid, using a 
suiTable indicator (methyl blue and methyle) to determine the end-point of 
the reaction:  
H2BO3- + H+                            H3BO3                (4)                   
The concentration of hydrogen ions (in mole) required to reach the end-
point is equivalent to the concentration of nitrogen that was in the original 
food (Equation 3).  
Calculations: 
The following equation can be used to determine the nitrogen 
concentration of a sample that weighted in grams using ×MHCl acid 
solution for the titration. 
 
% N =   
X mole   ×   (Vs - Vb) cm     ×  14 g   × 100                  (5) 
1000 cm      mg of sample       mole  
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Where Vs and Vb are the titration volumes the of sample and blank, 
and 14g is the molecular weight of nitrogen N. a blank sample is ran at the 
same time as the material being analyzed to take into account any residual 
nitrogen which may be in the reagents used to carry out the  analysis.  
Once the nitrogen content has been determined it converted to a 
protein content using the appropriate conversion factor (F):  
% protein =         F ×% N                                                        (6)                                 
Because the Kjeldahl method does not measure the protein content 
directly a conversion factor (F) is needed to convert the measured nitrogen 
concentration to protein concentration. A conversion factor of 6.25 
(equivalent to 0.16g nitrogen per gram of protein) 
3.8.2.2 Determination of lipid:  
3.8.2.2.1 Soxhlet method:  
This method an application for food product using device called soxtec 
system HT with two unit (1046 Service unit and 1043 Extraction unit.).    
 
 
Principle:  
Aknown quantatiy of sample in a thimble is subjected to continuous 
extraction for specified time in asoxhelt type of  apparatus  using organic 
solven and the residue after evaporating the solven is weighed as fat.  
Procedure: 
Known quantity of sample was weighed into an extraction thimble, 
placed the in the soxhlet middle piece.  
Flat bottom flask of the apparatus was weighted with a few pumice 
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W2 - W1    
      W 
    Fat %          
(100 - M)
stones, assemble the apparatus and 50 ml of n-Hexane were poured and 
refluxed for flask. The residues on a boiling mater-bath were evaporated 
and dry till the loss in weight between two successive weighting are less 
than 2 mg.  
Calculations: 
Calculated the crude fat content flask and weight of sample as follow:  
Expression of results: 
Fat, % w/w =    × 100  
Where:  
W2 = Weight of dish flask with fat in gram  
W1 = "             "     " with out the fat/empty flask in grams.  
W = weight of material in grams taken for test. 
 
Fat on dry basis, % w/w =        × 100   
M = moisture content, % w/w 
3.8.2.3 Determination of Ash:  
Principle: 
Ash is the in organic residue remaining after the organic matter have 
been removed by heating in the presence of oxidizing agents, which 
provides a measure of the total amount of minerals with in sample.  
Procedure: 
Dry samples were put in oven at temperature 550Cْ. Water and other 
volatile materials are vaporized and organic substances are burned in 
presence oxygen in air to CO2, H2O and N2. Most minerals are converted to 
oxides, sulfates, phosphates, chlorides or silicate although most minerals 
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M Ash  
M Dry  
MA  
MB 
have fairly low volatile at these high temperatures; some are volatile and 
may be partially lost, e.g. iron, lead and mercury. If an analysis is being 
carried out to determine the concentration of one these substances then it is 
a disable to use an alternative ashing method that uses lower temperature.  
The sample is weighed before and after ashing to determine the 
concentration of ash present.  
Calculations: 
 
Ash (dry basis) % =   × 100 
  
Where M Ash refers to the mass of a shed sample M dry refers to mass 
of the dried samples  
 
 
 
3.8.2.4 Determination of moisture:  
Principle: 
Amoisture is amount of water residue remaining after samplesis 
complete dried in present of standard temperature. 
Procedure: 
Half of samples were determined using Moisture Analyzer (L J16), 
and the other half were determined as follows:- 
Dry sample was weighted (3 gram) in a dry Petri dish and then put in 
oven at 70 ْC for 1 hour.  
The samples are weighed before and after drying to determine the 
moisture present.  
Moistures (dry basis) % =    × 100 
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Where MA refers to mass of the sample after dried and MB refers to 
mass before drying.  
3.9 Statistical Analysis: 
Statistical Pachage for Social Science (SPSS) program was used to run 
the data analysis with each test being conducated at 0.05% level of 
probability by t-test.  
 
 
 
 
 
 
Chapter Four 
Results 
 
The mean value of each morphometric, gross chemical, 
haematological, biochemical and helminth parasites number and length, 
standard error of the mean are presented  in Tables for collection groups A 
(control male), B (infected male), C (control female) and D (infected 
female). 
 
4.1. Morphometric parameters: 
4.1.1. Total length: 
The results of total length of group A and B shown inTable (1) and Fig 
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(1). The total length in group B is non-significant lower (P>0.05) lower 
compared with control group A. In group D the total length is non-
significant (P>0.05) lower compared to control group C as shown in Table 
(1) and Fig (2). In group C the total length is non -significant (P>0.05) 
compared to group A. In group B total length is non-significant (P>0.05) as 
compared with group D.  
4.1.2. Standard length: 
The results of standard length of group A and B shown inTable (1) and 
Fig (1). The standard length in group B is non-significant (P>0.05) lower 
compared with control group A. In group D the standard length is non-
significant (P>0.05) higher compared to control group C as shown in Table 
(1) and Fig (2). In group C the standard length is non -significant (P>0.05) 
compared to group A. In group B standard length is non-significant 
(P>0.05) as compared with group D.  
4.1.3. Body weight: 
The results of body weight of group A and B shown inTable (1) and 
Fig (1). The body weight in group B is non-significant (P>0.05) lower 
compared with control group A. In group D the body weight is non-
significant (P>0.05) lower compared to control group C as shown in Table 
(1) and Fig (2). In group C body weight is non -significant (P>0.05) 
compared to group A. In group B body weight is non-significant (P>0.05) 
as compared with group D.  
4.1.4. Age: 
The results of age of group A and B shown inTable (1) and Fig (1). 
The age in group B is non-significant (P>0.05) lower compared with 
control group A. In group D the age is non-significant (P>0.05) higher 
compared to control group C as shown in Table (1) and Fig (2). In group C 
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age is non -significant (P>0.05) compared to group A. In group B age is 
non-significant (P>0.05) as compared with group D.  
Appendix (I), (III), (V) and (VII) shown the values of morphometric 
parameters (total length, standard length, body weight and age) for 
individual fish. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (1):  Means of morphometric parameters of healthy and 
helminthes infected male and female Siganus rivulatus 
   
 
 
Age 
(years) 
Body weigh 
     (g) 
Standard 
length 
(cm)  
Total 
length 
(cm)  
 
Parameters  
           Groups 
2.20±0.22a  98.58±7.86a  15.91±0.57a  19.16±0.63aA  
2.13±0.25a  94.05±9.44a 15.02±0.34a  18.19±0.42a  B  
2.06±0.15a  104.51±7.19a  15.88±0.65a  19.37±0.62a  C  
2.20±0.26a 89.30±8.73a  16.20±0.50a  19.19±0.60a  D  
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Means ± (SE) within same column followed by different superscript small 
letters are significantly different at (P<0.05) based on t-test. 
 
 
* Group A = Control male          * Group B = Infected male 
* Group C = Control female       * Group D = Infected female 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
*T.L= Total length (cm)       *S.L= Standard length (cm)      
*B.W = Body weight (g) 
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Fig (1): Means of morphometric parameters of healthy and helminthes 
infected male Siganus rivulatus 
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* T.L= Total length (cm)      *S.L= Standard length (cm)     
*B.W = Body weight (g) 
 
 Fig (2): Means of morphometric parameters of healthy and 
helminthes infected female Siganus rivulatus 
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4.2. Gross chemical composition:  
4.2.1. Lipid (%): 
The results of lipid (%) of group A and B shown inTable (2) and Fig 
(3). The lipid (%) in group B is non-significant (P>0.05) higher compared 
with control group A. In group D the lipid (%) is non-significant (P>0.05) 
lower compared to control group C as shown in Table (2) and Fig (4). In 
group C the lipid (%) is non -significant (P>0.05) compared to group A. In 
group B lipid (%) is non-significant (P>0.05) as compared with group D.  
4.2.2. Protein (%): 
The results of protein (%) of group A and B shown inTable (2) and Fig 
(3). The protein (%) in group B is significant (P<0.05) lower compared 
with control group A. In group D the protein (%) is significant (P<0.05) 
lower compared to control group C as shown in Table (2) and Fig (4). In 
group C the protein (%) is non -significant (P>0.05) compared to group A. 
In group B protein (%) is non-significant (P>0.05) as compared with group 
D.  
4.2.3. Ash (%): 
 The results of ash (%) of group A and B shown inTable (2) and Fig 
(3). The ash (%) in group B is non-significant (P>0.05) higher compared 
with control group A. In group D the ash (%) is non-significant (P>0.05) 
lower compared to control group C as shown in Table (2) and Fig (4). In 
group C the ash (%) is non -significant (P>0.05) compared to group A. In 
group B ash (%) is non-significant (P>0.05) as compared with group D.  
  4.2.4. Moisture (%): 
The results of moisture (%) of group A and B shown inTable (2) and 
Fig (3). The moisture (%) in group B is non-significant (P>0.05) lower 
compared with control group A. In group D the moisture (%) is non-
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significant (P>0.05) lower compared to control group C as shown in Table 
(2) and Fig (4). In group C the moisture (%) is non -significant (P>0.05) 
compared to group A. In group B moisture (%) is non-significant (P>0.05) 
as compared with group D. 
The values of gross chemical composition (lipid, protein, ash and 
moisture) for indvidul fish shown in appendix (I), (III), (V) and (VII). 
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Table (2):  Means of gross chemical composition of healthy and 
helminthes infected male and female Siganus rivulatus 
 
 
  
 
Means ± (SE) within same column followed by different superscript small 
letters are significantly different at (P<0.05) based on t-test. 
 
 
    * Group A = Control male           * Group B = Infected male 
   * Group C = Control female        * Group D = Infected female 
 
  
 
 
  
 
  
  
  
  
  
 
 
 
Moisture 
(%) 
Ash 
(%) 
Protein 
(%) 
Lipid 
(%) 
Parameters  
           Groups  
5.94±0.97a 7.32±0.13a 81.58±0.97a 7.99±0.65a A  
5.52±0.52a 7.52±0.11a 76.39±0.91b 8.21±0.79a B  
6.33±0.61a 7.29±0.14a 83.45±1.00b 8.89±0.73a C  
6.30±0.69a 6.88±0.33a 75.04±1.46a 8.61±0.65a D  
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*All parameters in (%)  
Fig (3): Means of gross chemical composition of healthy and 
helminthes infected male Siganus rivulatus 
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* All parameters in (%) 
 
Fig (4): Means of gross chemical composition of healthy and 
helminthes infected female Siganus rivulatus 
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4.3 Haematological parameters: 
4.3.1. Packed cell volume (PCV): 
 The results of PCV level of group A and B shown inTable (3) and Fig 
(5). The level of PCV in group B is extremely significant different 
(P<0.000) lower compared with control group A. In group D the level of 
PCV also is extremely significant (P<0.000) lower compared to control 
group C as shown in Table (3) and Fig (6).   
Control group A has high mean compared with control group C there 
was extremely significant (P<0.000) between both. When we compared 
group B and group D, group B showed high mean than group D there was 
extremely significant (P<0.000) between both. 
4.3.2. Haemoglobin (Hb): 
The results of Hb level of group A and B shown inTable (3) and Fig 
(5). The level of Hb in group B is extremely significant different (P<0.000) 
lower compared with control group A. In group D the level of Hb also is 
extremely significant (P<0.000) lower compared to control group C as 
shown in Table (3) and Fig (6).   
Group A and group C showed extremely significant, group A mean is 
high than of group C. Group B showed extremely significant in Hb as 
compared with group D haemglobin mean is lower than of group B.    
4.3.3. Mean corpuscular volume (MCV): 
Control group A and group B showed same MCV are shown in Table 
(3) and Fig (5). There was no significant differences (P>0.05) in group D 
compared with control group C as showed in Table (3) and Fig (6). There 
was significant (P<0.05) between group B and group D as same between 
group A and group C. 
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4.3.4. Mean corpuscular haemoglobin (MCH): 
The results of MCH level of group A and B shown inTable (3) and Fig 
(5). The level of MCH in group B is extremely significant different 
(P<0.000) lower compared with control group A. but there was no 
significant (P>0.05) between infected group D compared with control 
group C as shown inTable (3) and Fig (6). Siganus rivulatus MCH in group 
B (infected male) is significantly (p<0.007) higher than of group D 
(infected female). In contrast there was no significant between group A and 
C. 
4.3.5. Mean corpuscular haemoglobin concentration 
(MCHC): 
The results of MCHC level of group A and B shown inTable (3) and 
Fig (5). The level of MCHC in group B is extremely significant different 
(P<0.000) lower compared with control group A. but there was no 
significant (P>0.05) between infected group D compared with control 
group C as shown inTable (3) and Fig (6). Siganus rivulatus MCHC in 
group B (infected male) is significantly (p<0.05) higher than of group D 
(infected female). In contrast there was no significant between group A and  
4.3.6. Red blood cells (RBCs):  
The results of RBCs level of group A and B shown inTable (3) and 
Fig (5). The level of RBCs in group B is extremely significant different 
(P<0.000) lower compared with control group A. In group D the level of 
RBCs also is extremely significant (P<0.000) lower compared to control 
group C as shown in Table (3) and Fig (6).   
 In group group A the level of RBCs is significantly (P<0.000)  high as 
compared to group C. As same RBCs level of group B is significantly 
(P<0.000)  high as compared with group D.  
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Appendix (II), (IV), (VI) and (VIII) shown the values of 
haematological parameters (PCV, Hb, MCV, MCH, MCHC and RBCs) for 
individual fish. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 56
Table (3):  Means of blood parameters of healthy and helminthes 
infected male and female Siganus rivulatus 
 
 
 
Means ± (SE) within same column followed by different superscript small 
letters are significantly different at (P<0.05) based on t-test. 
 
 
* Group A = Control male           * Group B = Infected male 
   * Group C = Control female        * Group D = Infected female 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RBCs 
)106 /µl( 
MCHC 
(%) 
MCH 
(pg) 
MCV 
(fl) 
Hb 
(g/dL) 
PCV 
(%) 
 
Para-
meters  
 
Groups  
3.16±0.19a 31.34±0.74a 27.33±0.80a 86.09±2.69a 8.40±0.34a 26.66±0.66a A  
1.46± 0.03b 33.48±0.24b 31.76±0.80b 86.09±2.69a 4.67±0.18b 13.94±0.53b B  
2.21±0.10b 33.45±0.21b 29.54±1.02b 88.34±2.74b 6.49±0.22b 19.28±0.58b C  
1.09±0.06a 33.69±0.79a 28.39±0.38b 87.82±2.26b3.17±0.11a9.46±0.38aD  
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*PCV (%) *Hb (g/dl) *MCV (fl) *MCH (pg) *MCHC (g/dl) 
* RBCs (106 /µ/l) 
                  
Fig (5): Means of blood parameters of healthy and helminthes infected 
male Siganus rivulatus 
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*PCV (%) *Hb (g/dl) *MCV (fl) *MCH (pg) *MCHC (g/dl) 
* RBCs (106 /µ/l) 
                  
Fig (6): Means of blood parameters of healthy and helminthes infected 
female Siganus rivulatus 
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4.4. Biochemical parameters: 
4.4.1. Total protein: 
The results of total protein level of group A and B shown inTable (4) 
and Fig (7). The level of total protein in group B is significant (P<0.05) 
lower compared with control group A. In group D the level of total protein 
also is extremely significant (P<0.000) lower compared to control group C 
as shown in Table (4) and Fig (8). In groupC the level of total protein is 
non -significant (P>0.05) compared to group A. In group B albumin level is 
significant (P<0.05) as compared with group D.  
4.4.2. Albumin: 
The results of albumin level of group A and B shown inTable (4) and 
Fig (7). The level of albumin in group B is non-significant (P>0.05) lower 
compared with control group A. In group D the level of albumin also is 
significant (P<0.000) lower compared to control group C as shown in Table 
(4) and Fig (8). ). In group C the level of albumin is non -significant 
(P>0.05) compared to group A. In group B albumin level is significant 
(P<0.05) as compared with group D.  
4.4.3. Total globulins: 
The results of total globulins level of group A and B shown inTable 
(4) and Fig (7). The level of total globulins in group B is significant 
(P<0.05) lower compared with control group A. In group D the level of 
total globulins is non-significant (P>0.05) higher compared to control 
group C as shown in Table (4) and Fig (8). In group C the level of total 
globulins is non -significant (P>0.05) compared to group A. In group B 
total globulins level is significant (P<0.05) as compared with group D.  
Appendix (II), (IV), (VI) and (VIII) shown the values of biochemical 
parameters (total protein, albumin and total globulins) for individual fish. 
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Table (4): Means of biochemical parameters of healthy and   
helminthes infected male and female Siganus rivulatus 
 
 
 61
 
Means ± (SE) within same column followed by different superscript small 
letters are significantly different at (P<0.05) based on t-test. 
 
 
* Group A = Control male           * Group B = Infected male 
   * Group C = Control female         * Group D = Infected female 
 
 
 
 
 
 
 
T.protein 
(g/dl) 
Globulins 
(g/dl) 
Albumin 
(g/dl) 
  Parameters   
           Groups
55.09±5.41a 25.32±2.22a 29.77±3.71a A 
41.47±1.61b 16.08±1.09b 25.33±1.67a B 
46.13±2.80b 16.39±2.06b 29.78±1.67b C 
36.32±1.17a 16.38±0.63a 19.94±0.86b D 
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*Means = (g/dl) 
Fig (7): Means of biochemical parameters of healthy and   
helminthes infected male Siganus rivulatus 
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*Means = (g/dl) 
Fig (8): Means of biochemical parameters of healthy and   helminthes 
infected female Siganus rivulatus 
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4.5. White blood cells count (WBCs):   
The results of white blood cell count of group A, B, C, D shown 
inTable (5) and Fig (9). The white blood cell count in group B is non-
significant (P>0.05) higher compared with control group A. In group D the 
level of white blood cell count is non-significant (P>0.05) higher compared 
to control group C. In group C the level of white blood cell count is non -
significant (P>0.05) compared to group A. In group B white blood cell 
count level is non-significant (P>0.05) as compared with group D.  
4.5.1. Lymphocytes: 
The results of lymphocytes level of group A and B shown inTable (5) 
and Fig (10). The level lymphocytes in group B is non-significant (P>0.05) 
there is a bit decrease compared with control group A. In group D the level 
of lymphocytes is non-significant (P>0.05) a bit decrease compared to 
control group C as shown in Table (5) and Fig (11). In group C the level of 
lymphocytes is non -significant (P>0.05) compared to group A. In group B 
lymphocytes is non-significant (P>0.05) as compared with group D.  
4.5.2. Neutrophils: 
The results of neutrophils level of group A and B shown inTable (5) 
and Fig (10). The level neutrophils in group B is non-significant (P>0.05) 
there is a bit little increase compared with control group A. In group D the 
level of neutrophils is non-significant (P>0.05) there is a bit little increase 
compared to control group C as shown in Table (5) and Fig (11). In group 
C the level of neutrophils is non -significant (P>0.05) compared to group 
A. In group B neutrophils is non-significant (P>0.05) as compared with 
group D.  
4.5.3. Monocytes: 
The results of monocytes level of group A and B shown inTable (5) 
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and Fig (10). The level monocytes in group B is non-significant (P>0.05) 
compared with control group A. In group D the level of monocytes is non-
significant (P>0.05) compared to control group C as shown in Table (5) 
and Fig (11). In group C the level of monocytes is non -significant (P>0.05) 
compared to group A. In group B monocytes is non-significant (P>0.05) as 
compared with group D.  
4.5.4. Eosinophils: 
The results of eoinophils level of group A and B shown inTable (5) 
and Fig (10). The level eoinophils in group B is non-significant (P>0.05) 
higher compared with control group A. In group D the level of eoinophils 
is non-significant (P>0.05) compared to control group C as shown in Table 
(5) and Fig (11). In group C the level of monocytes is non -significant 
(P>0.05) higher compared to group A. In group B eoinophils is non-
significant (P>0.05) as compared with group D.  
4.5.5. Thrombocytes: 
The results of thrombocytes level of group A and B shown inTable (5) 
and Fig (10). The level thrombocytes in group B is non-significant 
(P>0.05) lower compared with control group A. In group D the level of 
thrombocytes is significant (P<0.05) lower compared to control group C as 
shown in Table (5) and Fig (11). In group C the level of thrombocytes is 
non -significant (P>0.05) compared to group A. In group B thrombocytes is 
non-significant (P>0.05) as compared with group D.  
The values of white blood cells count (WBCs) and differential for 
individual fish shown in appendix (IX), (X), (XI), and (XII) 
 
Table (5):  Means of differential white blood cell parameters of 
healthy and   helminthes infected male and female Siganus 
rivulatus 
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Means ± (SE) within same column followed by different superscript small 
letters are significantly different at (P<0.05) based on t-test. 
 
 
* Group A = Control male           * Group B = Infected male 
 * Group C = Control female       * Group D = Infected female 
 
  
 
 
 
 
 
 
 
Thrombocytes 
(%) 
 
Eosinophils
(%) 
Monocytes 
(%) 
Neutrophil 
(%) 
Lymphocytes
(%) 
WBCs 
)103 /µl( 
 
Para-
meters  
 
Groups  
9.92±0.54a 1.28±0.16a 6.72±0.75a 5.58±0.54a 76.55±1.1a 98.13a A  
9.51±0.46a 1.89±0.15a 6.55±0.46a 6.55±0.39a 76.20±0.6a 112.38a B  
11.19±0.50b 1.27±0.15a 6.72±0.69a 5.26±0.48a 75.61±1.1a 95.77a C  
9.67±0.40a 1.54±0.14a  5.96±0.56a 6.22±0.55a 76.59±0.8a 110.69a D  
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*C = Control                                 *I = Infected         
WBCS (#/µ)                                          
 
Fig (9): Means of total white blood cell count of healthy and   
helminthes infected male and female Siganus rivulatus 
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*Lympho = Lymphocytes          *Neutro = Neutrophils     * Mono =     
Monocytes 
*Eosino =Eosinophils                      *Thrombo = thrombocytes      
* Means = (%)    
 
Fig (10): Means of differential white blood cell parameters of healthy 
and   helminthes infected male Siganus rivulatus 
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 *Lympho = Lymphocytes     *Neutro = Neutrophils * Mono = Monocytes 
 *Eosino =Eosinophils            *Thrombo = thrombocytes      
 * Means = (%)    
 
 Fig (11): Differential white blood cells of control and infected female of 
Siganus rivulatus 
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4.6. Helminth parasites: 
Study revealed two major families of helminth parasites were 
nematodes and acanthocephalan. 
4.6.1. Nematodes and acanthocephalans number: 
The results of nematodes and acanthocephalan number of group B and 
D shown inTable (6) and Fig (12). Nematodes and acanthocephalan 
number in group B is non-significant (P>0.05) lower compared with 
control group D.  
4.6.2. Nematodes and acanthocephalans length: 
The results of nematodes and acanthocephalan length of group B and 
D shown inTable (6) and Fig (12). Nematodes and acanthocephalan length 
in group B is non-significant (P>0.05) lower compared with control group 
D.  
Appendix (V) and (VII) shown the values of helminth parasites 
(nematodes and acanthocephalans) number and length for individual fish. 
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Table (6):  Means of helminth parasites number and length of 
helminthes infected male and femaleSiganus rivulatus  
 
 
 
Means ± (SE) within same column followed by different superscript small 
letters are significantly different at (P<0.05) based on t-test. 
 
 
   * Group B = Infected male           * Group D = Infected female        
 
  
 
 
 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
 
  
  
Acanthocephalans
length  
(cm) 
Acanthocephalans 
number 
Nematodes 
length (cm)
Nematodes 
number 
 
Param-
eters  
 
Groups  
1.48±0.26a 16.30±4.85a 1.36±0.34a 5.66±1.87a B  
1.38±0.25 15.46±6.13a 1.50±0.32a 5.66±1.87a D  
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*No. N = Number of nematode                          *N. L = Nematode length (cm) 
* No. A = Number of Acanthocephalans            * A. L = Acanthocephalans 
length (cm) 
 
Fig (12): Means of helminth parasites number and length of 
helminthes infected male and femaleSiganus rivulatus 
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Chapter Five 
 Discussion 
 
5.1. Morphometric parameters: 
In the present study total length, standard length, body weight and age 
were measured in the four groups (A, B, C, and D). 
    Helminth parasites effect on morphometric parameters became 
markedly unclear this due to complex of marine environment and effect of 
other factor like salinity, temperature, spawning season. 
5.2. Gross chemical composition: 
According to Wassef and Shehato (1991) the high protein content and 
low lipid content increases the food value from digestive stand point. The 
gross chemical composition of Siganus rivulatus was more or less similar 
to that finding recorded in a number of marine species by Mohamed et al, 
(1988) and Kirk and Swayer (1991) except for protein% is lower in group 
B (infected male) and group D (infected female) this value is lower as 
compared with studies of Pillans et al. (2004) and Kirk and Swayer (1991). 
This decreased of protein % may be due to effect of gut parasites which 
feed on gut content of host fish this same as that finding by Moravec and 
Rhulaka (1987) found fish were in poor condition (emaciated) and their 
digestive tract exhibited signs of atrophy. 
In general the effect of helminth parasites may not always disrupts fish 
growth and gross chemical compositions it may, however decreased the 
fish tolerances to other diseases, these as same result reported by Paggi et 
al. (1982) who found that heavy infection causes hemorrhagic 
inflammation of swim bladder, but  it may not always disrupt fish growth. 
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5.3. Haematological parameters: 
5.3.1. Packed cell volume (PCV): 
Korzhuez (1964) stated that fish hematocrit values usually vary from 
20 – 35%, but only attain values greater than 50%. The mean PCV value 
reported here for group A and C fall well within this range but group B and 
D is lower than the normal value. This change in PCV may due to effect of 
helminth parasites or due to seasonal variation these results is also reported 
by Mahoney (1992). 
Group A PCV mean was higher than group C this attributed to sex 
differences. Also Sano (1960) and Mulcahy (1970) reported that sex 
differences in values were noticed, male fish has wider range as well as 
higher mean value. Differences in PCV values have been reported for 
sexually mature brown trout, Salmo trutta, rain bow trout, Salmo gairdneri 
and pike, Esox lucius (Sneieszko, 1960). PCV values and haemglobin 
concentration were positively correlated in four groups.  
5.3.2. Haemoglobin: 
Bernardf et al. (2000) presented mean haemglobin values for several 
species of fish ranging from 5 – 10g/dl our study revealed haemoglobin, 
means 5.68 g/dl for 60 Siganus rivulatus. These data for group A (control 
male) and group C (control female) with in range of values found by 
Bernardf and other workers.  
Our data further suggest positive correlations between haemoglobin 
concentration and RBCs count and PCV value as already mentioned. 
Haemoglobin mean of control male (group A) higher than of control 
female (group C), this appear to be related to  the sex of the fish but many 
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investigators have attempted to correlate relative haemglobin concentration 
with fish activity, i.e. The higher the fish activity the higher haemoglobin 
concentration (Eisler, 1965). 
Haemoglobin values are one of the most thoroughly documented 
hematological indices for evaluating fish health; anemia has been 
diagnosed in fish (Kawatsu, 1969; Smith and Halver, 1969). There was 
reduction in haemoglobin concentrations blew references values this is may 
be  due to the effect of helminth parasites which  was observed previously 
by Klinger et al. (2002) who found that the signs of nematodiasis include 
anemia, emaciation, unthriftness and reduced vitality. 
5.3.3. Red blood cells (RBCs): 
Erythrocyte counts have proven to be highly variable blood parameters 
among fishes. Bernardf et al. (2000) found RBCs range from 1 to 
5×106µ/L. Smith et al. (1952) also found RBCs to range from a low mean 
of 1.24 million mm-3 in gold fish Carassius auratus to high mean of 1.88 
million mm-3 in the warmouth Lepomis gulosus when comparing count for 
ten species. 
 Significant differences were found for RBCs count between group A 
and B and group C and D the combined data for 60 samples yield a mean 
value of 1.98×106µ/L. Denyes and Joseph (1956) reported a range of 1.72 
to 3.48 millionmm-3 for a large mouth bass, as well as a positive linear 
relation ship between blood cell count and haemglobin concentration. Our 
data also support such relation-ship, but in addition we found a linear 
relation-ship between RBCs count and PCV. 
In the present work group B and group D exhibited a decline in RBCs 
during study period. This reduction may be due to  the effect of helminth 
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parasites. Iwama et al. (1986) and Mahoney and Mc Nulty (1992) showed 
that erythrocytes counts may decrease with disease but it's unclear whether 
the decrease is due to the change in red cell number or simply a change in 
the hydration status of the fish. 
Our study revealed sex differences between all groups male fish 
showed a wide range than female fish.This also have been reported by 
Knoll (1957) who found sex differences male pike having a wider normal 
range than female pike and also Ezzat et al. (1974) found a high 
erythrocyte count in males than females of tilapia zillii. This appear to be 
related to actives of sexes, male being more active and also appears to be 
associated to ganado activity. 
Infected group (B & D) showed decrease in RBCs count as indicator 
of anemia. Kawatsu (1969) found a decreased in the mean erythrocyte 
value to be 800.000/ mm3 using a brook trout Salvelinus fontinalis 
(Mitchill) control in an investigation of macrocytic anemia the count were 
1092000 to 1555000/ mm3. 
5.3.4. Mean corpuscular volume (MCV): 
 control male and helminthes infected male had statistically same 
mean corpuscular volume but there were no significant differences were 
found for MCV between group C and D. Bernardf et al. (2000) proposed 
that the MCV average range from 150 to 350fl in the fishes our study 
revealed mean 89.27fl for 60 samples this variances due to spawning 
season. Blaxhal and Daisley (1973) reported that at spawning season when 
the rate of erythrpoiesis is greatest, MCV decline sharply since young red 
cells appear to be smaller than old red cell. Perhaps this account for 
differences occurring in our study. 
5.3.5. Mean corpuscular haemoglobin (MCH): 
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Bernardf et al. (2000) presented MCH values for several species of 
fish runs between 30 and 100pg our data range 18.50pg and a mean of 
29.26pg for 60 samples group A had  lower MCH than group B but there is 
no statistically between group C and group D in contrast there is higher 
significant difference between group B and group D which may be due to 
effect of sex hormones. This difference is unclear. 
5.3.6. Mean corpuscular haemglobin concentration 
(MCHC): 
As with MCV and MCHC group A showed lower values for MCHC 
than group B (P<0.05) and no significant between group C and D but there 
is significant different between group A and C which may be may be due to 
effect of sex differences. 
The MCHC range from 18 to 30 g/dl and is lower in fishes than in 
mammals due to the space occupying erythrocyte nucleus Bernardf et al. 
(2000). Our study revealed high value than these range . 
5.4. Biochemical parameters: 
5.4.1. Total protein: 
The mean plasma protein values were 55.09 and 41.47g/dl for group A 
and B respectively Result aso show highly significant different (p<0.003) 
between group C and D. Control group A and C showed high total protein 
means as compared with infected groups our results found contrasted the 
results found by Mulcahy (1969) factor that have been contributing to this 
variation was diseased state. 
A sex differences is not seen in our study this result is the same as 
reported by Grant et al. (1970). Mean plasma values of 40g/dl for rain bow 
trout, 48.34g/dl for pike, Mulcahy (1970) are similar to our finding. 
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5.4.2. Albumin: 
During the course of this study albumin level showed no significant 
difference between group A and B. The mean indicated that gut parasites 
effect were not harmful. Male group may  be due to high activity of male 
lead to high haemoglobin and thus resisting the infection but the level of 
total albumin was highly significant difference (P<0.05) in group C and D. 
The mean of group C is higher than group D. This difference is unclear 
may due to seasonal change as proposed by Poston (1970). As already 
mentioned there were no sex differences in albumin level. 
5.4.3. Total globulins: 
In the present work there was no effect of helminth parasites on 
Siganus rivulatus total globulins because group A showed high total 
globulin as compared with group B in contrast there was no significant 
difference between group C and group D. These results are oppose that 
Poston (1970) who reported that serum total globulins Level was increased 
by infectious diseased. Asex differences is not seen in total globulins level 
same that reported by Grant et al. (1970). The significant between group B 
and D could be due to intensity of helminth parasites. 
 
5.5. White blood cells count: 
Andrew (1964) amounting white blood cell to more than 100.000/mm3 
in some boney fishes. Generally leukocyte numbers range from 30.000 to 
150.000cell/L, Ellsaesser and Clem (1986). These data fall with in the 
range of values found by Andrew and Ellsaesser.  
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There were no statistically significant difference among four groups 
because groups revealed high standard error mean and standard deviation 
may attributed to enviromental factors this result is same to that found by 
Iwama et al. (1986) change in white blood cell count with specific diseases 
are not well documented. Mulcahy, (1970) proposed that male pike 
showing a wider range than female our study opposites these results. 
Generally there was no effect of helminth parasites on Siganus 
rivulatus WBCs this could be due to sex gland maturation or age and 
season variation as showed by Puchkov (1964). 
5.6. Differential white blood cell count: 
Present study showed that in all groups lymphocytes are the most 
abundant leukocyte present, followed by thrombocyte and then monocytes 
or neutrophils and eosinophils this result similar to that found by Ellsaesser 
and Clem (1986) and contrasted result found by Weinerb (1958) who found 
that in rainbow trout Salmo gairdneri the lymphocytes is predominate, 
neutrophils were scare, and eosinophils were scare and eosinophil and 
basophil only occasionally seen. 
In our study there were no statistical differences in values of eosinphil, 
lymphocytes and neutrophils except for thrombocytes there were 
significant difference between group C and group D. Only, group C 
showed high level as compared with group D, this differences not clear. 
There was an increase in level of eosinophil for infected groups (B & 
D) as compared with control groups (A & C) which indicated the effect of 
helminth parasites on Siganus rivulatus. Bernardf et al.(2000) reported that 
eosinphil functions in parasites killing and phagocytosis. 
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Study of leukocyte may help in establishing a diagnosis following the 
course of infection but other routine clinical examinations are important.  
5.7. Helminth parasites: 
In our study we recorded two families of helminth parasites 
acanocephalans and nematodes in one fish but majority of fish has got one 
kind of parasites families. 
Present study revealed that the number of acanthocephalans per fish is 
greater as compared of a number of nematodes. Also there was little 
increase in length of acanthocephalans compared to nematodes length. 
5.7.1. Adult stage nematodes: 
Nematodes have been reported from a large fish in Africa, (Khalil, 
1971) reports 40 species of adult nematodes representatives 9 families the 
majority occurs in alimentary system. Sindermann (1966) reports nematode 
in marine fishes. 
Our study showed that nematode use fish as final host and the injuries 
were not great. Moravec et al. (1987) reported that the adult nematode 
rarely causes serious injuries they cause local lesions of no great 
significantce to the host general health this reports confermed our finding.  
Generally helminth parasites did not decrease Siganus rivulatus 
growth. Paggi et al. (1982) proposed that pathological effect of nematode is 
not necessarily always disrupting fish growth. 
Current study could not regarded any visual encysted larvae in body 
cavity or intestinal tract. 
5.7.2. Thorny head worm- Acanthocephalans: 
Adult Thorny head worm- Acanthocephalan found in intestinal tract of 
Siganus rivulatus (Definitive host) only without appearing in body cavity. 
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Crompton (1985) reported that adult acanocephalans found in intestines of 
vertebrates, larvae found in hemocoel of arthropods and some time in body 
cavity of vertebrates. 
Khalil (1969) recorded Acanthogyrus tilapiae in Sudan Nile. Golvan 
(1994) reported that adult acanocephala are parasites of mammals, birds, 
fishes and amphibians.  
Study showed there is inflammation surrounding intestines walls this 
could be due to helminth parasites effect. Herlyn et al. (2003) showed that 
acanocephalans attach them-selves to the intestinal walls; they may induce 
pathology such as inflammation of surrounding tissues in their host. 
Data on infection among fish in Africa is very limited and none of 
conditions described above have ever been reported. 
Epizootiological information are limited to natural infection, Khalil 
(1969) reported in Sudan white and blue Nile found species of 
acanocephalans infection in Heterotis nillotcus, Citharinus citharus and 
Synodontis batensoda.  
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Conclusions and recommendations 
 
From the finding of this study on haematological and biochemical of 
healthy and helminthes infected Siganus rivulatus from Abu Hashish area, 
the following are concluded: 
1. No significant difference (P>0.05) were found in morpho metrics 
between both of healthy and helminthes infected S. rivulatus. 
2. Siganus rivulatus healthy males had higher packed cells volume, 
haemoglobin and red blood cells counts as compared with healthy 
female. 
3. Helminthes infectd male and female showed decrease in packed 
cell volume, haemoglobin and red blood cells count. 
4. White blood cells count and differential revealed no significant 
differences between healthy and helminthes infected Siganus 
rivulatus except of thrombocytes for healthy and helminthes 
infected female. 
5. Control male and female showed high level in total protein and so 
albumin level of healthy female and total globulins of healthy 
male. 
6. Helminthes infected males and females showed decrease in 
protein percentage of edible proportion of flesh. 
7. Our study recorded two families of helminth parasites 
acanthocephalans and nematodes. 
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Recommendations: 
1. The study of fish parasites is important because parasites have been 
shown to lower fish productivity, decrease fish health making them 
more susceptible to diseases and even cause mortalities in fish. This 
will result in loss of economic returns and loss of protein sources. 
2. Facialty the use of haematology parameters in diagnosis of fish 
disease. 
3. Special attention to Siganus spp which because have comparatively 
very high protein ratio which indicates of high digestibility.     
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Appendix (I): 
 
Morphometric and gross chemical composition parameters of control male (Group A) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*    TL=Total length.                         *SL=Standard length.               *BW=Body weight.                    *MO=Moisture 
 
 
 
Mo 
(%) 
Ash 
(%) 
Protein 
(%) 
Lipid 
(%) 
Sex Age 
(year) 
B.W 
(g) 
SL 
(cm) 
TL 
(cm) 
No 
6.50 7.61 84.30 5.00 M 1+ 90.50 14.50 18.17 1 
9.69 7.12 80.50 7.20 M 4+ 100.30 19.10 23.10 2 
6.19 7.28 77.91 3.33 M 2+ 62.29 13.50 16.00 3 
5.39 7.04 81.30 5.30 M 2+ 80.40 16.00 19.00 4 
3.26 7.45 72.22 9.60 M 2+ 60.30 14.50 17.00 5 
4.91 8.27 82.79 10.60 M 2+ 100.20 14.30 17.40 6 
5.20 7.40 85.41 2.30 M 1+ 80.30 17.30 18.60 7 
4.69 7.15 86.30 9.00 M 3+ 130.50 18.50 21.50 8 
6.40 7.92 88.04 13.67 M 2+ 130.30 18.80 22.40 9 
3.09 7.56 83.16 6.60 M 2+ 90.81 15.10 18.60 10 
10,57 6.50 80.30 8.00 M 3+ 150.30 19.10 23.10 11 
5.56 6.15 81.50 2.00 M 3+ 120.50 15.50 19.50 12 
14.64 7.60 80.30 11.30 M 2+ 92.30 13.50 18.60 13 
7.3 7.42 79.50 6.00 M 1+ 49.30 12.50 15.00 14 
1.59 7.34 80.30 2.67 M 3+ 140.5 16.5 19.50 15 
5.94 7.32 81.58 7.99  2.20 98.58 15.91 19.16 Average 
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Appendix (II): 
 
Haematology and biochemical parameters of control male (Group A) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
                              *Alb=Albumin.                                         *T.protein= Total protein 
 
T.protein 
(g\dl) 
Globulin 
(g\l) 
Alb 
(g\dl) 
RBCs 
(106/µ/l) 
MCHC 
(g/dl) 
MCH 
(pg) 
MCV 
( fl )) 
Hb 
(g\dl) 
Pcv 
(%) 
No 
54.60 24.60 30.00 3.00 33.21 31.00 93.30 9.30 28 1 
88.00 43.00 45.00 3.50 33.21 26.57 80.00 9.30 28 2 
78.50 36.20 42.30 3.18 33.21 29.24 88.50 9.30 28 3 
29.10 21.00 8.10 3.25 33.10 29.53 89.23 9.60 29 4 
27.90 22.20 5.70 5.60 33.12 18.92 57.14 10.6 32 5 
16.00 8.30 7.70 3.05 33.21 30.49 91.80 9.30 28 6 
90.50 30.50 60.00 3.50 32.66 28.00 85.71 9.80 30 7 
54.60 24.60 30.00 2.50 25.20 31.50 100 6.30 25 8 
50.20 22.20 28.00 3.05 25.86 24.59 95.08 7.50 29 9 
60.30 24.90 35.40 2.90 30.74 28.60 93.10 8.30 27 10 
48.60 19.40 29.20 2.70 30.90 25.18 81.48 6.80 22 11 
50.00 16.60 33.40 2.40 27.39 26.25 95.83 6.30 23 12 
69.50 37.10 32.40 3.06 33.20 27.12 81.69 8.30 25 13 
53.00 25.00 28.00 3.03 33.33 26.40 80.00 8.00 24 14 
55.60 24.20 31.4002.80 33.18 26.70 78.57 7.30 22 15 
55.09 25.32 29.77 3.16 31.43 27.33 86.09 8.40 26.66 Average 
- - - 1-5 18-30 30-100 150-350 5-10 20-45 Normal 
range 
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Appendix (III): 
 
Morphometric and gross chemical parameters of control female (Group C) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             * TL=Total length.                         *SL=Standard length.               *BW=Body weight.                    *MO=Moisture. 
 
Mo 
(%) 
Ash 
(%) 
Protein 
(%) 
Lipid 
(%) 
Age 
(year) 
SexB.W 
(g) 
S.L 
(cm) 
T.L 
(cm) 
NO 
3.18 7.12 81.30 10.30 3+ F 90.30 14.50 19.00 1 
3.96 7.46 73.53 3.96 1+ F 87.90 11.20 18.20 2 
9.60 7.26 90.30 8.30 1+ F 95.35 14.60 18.20 3 
8.02 7.07 85.30 7.25 2+ F 92.00 14.30 16.60 4 
2.87 8.01 82.50 6.30 2+ F 90.30 14.00 16.00 5 
5.29 6.74 86.53 1.33 2+ F 80.50 16.00 20.00 6 
5.79 7.73 80.06 8.30 2+ F 41.68 14.30 16.20 7 
7.29 7.45 87.30 10.00 3+ F 133.84 20.80 24.50 8 
8.30 6.89 84.60 15.60 2+ F 130.20 18.50 22.60 9 
9.83 7.30 82.40 9.50 2+ F 84.30 13.00 17.30 10 
7.30 6.51 80.30 6.30 2+ F 110.30 18.40 21.30 11 
3.82 6.77 82.30 8.00 2+ F 140.30 17.00 20.80 12 
4.50 8.77 84.91 9.00 2+ F 130.30 16.10 19.20 13 
5.91 6.88 85.30 5.30 2+ F 140.20 18.30 21.20 14 
9.32 7.46 85.20 3.20 3+ F 120.30 17.30 19.50 15 
6.33 7.29 83.45 8.89 2.06  104.51 15.88 19.37 Average 
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Appendix (IV): 
 
Haematology and biochemical and parameters of control female (Group C) 
 
 
 
*Alb=Albumin .                                         *T.protein= Total protein 
T.protein 
(g\dl) 
Globulin 
(g\l) 
Alb 
(g\dl) 
RBCs 
(106µ/l) 
MCHC 
(g/dl) 
MCH 
(pg) 
MCV 
( fl ) 
Hb 
(g\dl) 
Pcv 
(%) 
NO 
54.00 19.80 34.20 1.90 33.33 31.57 94.73 6.00 18.00 1 
39.30 11.10 28.20 1.90 33.33 31.57 94.73 6.00 18.00 2 
52.00 18.80 33.20 2.30 33.15 27.39 82.60 6.30 19.00 3 
28.60 10.40 18.20 2.20 33.12 24.09 72.72 5.30 16.00 4 
36.50 9.90 26.60 1.90 33.33 31.57 94.73 6.00 18.00 5 
44.20 19.90 24.30 1.80 34.05 33.33 100.00 6.00 18.00 6 
58.30 27.80 30.50 1.95 34.05 32.30 94.87 6.30 18.50 7 
50.07 12.40 38.30 2.80 31.62 24.28 76.78 6.80 21.50 8 
28.30 9.90 18.40 2.10 33.12 25.23 76.19 5.30 16.00 9 
51.30 20.50 30.80 1.71 35.16 37.42 107.5 6.40 18.20 10 
43.50 17.20 26.30 2.01 33.00 32.83 99.00 6.60 20.00 11 
69.50 37.10 32.40 2.50 33.33 28.00 84.00 7.00 21.00 12 
40.60 12.30 28.30 2.30 34.76 31.73 91.30 7.30 21.00 13 
49.00 11.20 37.80 2.80 33.18 26.07 78.57 7.30 22.00 14 
46.90 7.60 39.30 3.10 33.33 25.80 77.41 8.80 24.00 15 
46.13 16.39 29.78 2.21 33.45 29.54 88.34 6.49 19.28 Average 
- - - 1-5 18-30 30-100 150-350 5-10 20-45 Normal 
range 
 104
 
Appendix (V): 
Morphometric and gross chemical parameters of infected male (Group B) 
 
 
 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
*TL=Total length.                         *SL=Standard length.               *BW=Body weight.                    *MO=Moisture 
*No. N= Nematodes number   *L.N=Nematodes length.  *No .A= Acanthocephalans number *L.A= Acanthocephalans 
length 
        
 
No TL  
(cm) 
S.L 
(cm) 
B.W 
(g) 
Sex Age 
(year)
No. N L.N No. A 
 
L.A Lipid 
(%)
Protein 
(%) 
Ash  
(%) 
Mo 
(%) 
1 18.14 14.50 100.00 M 2+ - - 31.00 2.50 33.33 77.17 7.65 6.80 
2 21.00 17.00 170.00 M 4+ 23.00 2.40 - - 8.30 73.53 8.06 8.06 
3 20.80 16.60 100.30 M 3+ .21.00 2.00 8.00 1.30 9.00 76.16 6.82 6.00 
4 17.70 14.80 50.55 M 2+ 8.00 3.10 - - 12.30 78.31 6.80 6.30 
5 16.60 14.30 92.30 M 2+ - - 16.00 2.50 7.40 75.31 7.70 8.02 
6 19.50 16.00 102.60 M 2+ 7.00 2.5 - - 5.60 79.80 7.89 6.87 
7 16.30 13.50 60.30 M 1+ - - 15.55 2.50 3.66 70.30 7.52 4.29 
8 18.50 16.20 70.30 M 2+ 13.00 2.40 9.00 2.30 5.00 76.29 7.14 5.80 
9 17.50 15.50 94.22 M 1+ - - 33.00 2.80 4.66 80.30 7.53 4.10 
10 16.50 13.00 80.40 M 2+ - - 30.00 2.00 5.20 73.60 7.22 2.57 
11 17.20 15.00 99.80 M 3+ 9.00 2.50 12.00 1.50 7.00 71.92 7.56 3.70 
12 18.14 14.50 100.30 M 2+ 15.00 2.50 70.00 1.70 3.33 80.30 7.65 6.80 
13 21.00 17.00 170.00 M 4+ 10.00 3.00 - - 4.30 73.53 8.60 8.06 
14 17.50 14.50 39.30 M 1+ - - 3.00 1.20 6.00 83.16 7.55 2.60 
15 16.50 13.00 80.40 M 1+ - - 17.00 2.00 8.20 76.30 7.22 2.57 
Average 18.19 15.02 94.05  2.13 5.66 1.36 16.30 1.48 8.21 76.39 7.52 5.50 
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Appendix (VI): 
 
Haematology and biochemical parameters of infected male (Group B) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                  
*Alb=Albumin.                                         *T.protein = Total protein 
No PCV 
(%) 
Hb 
(g/dl)
MCV 
(fl) 
MCH 
(pg) 
MCHC 
(g/dl) 
 
RBCs 
(106/µ/l) 
Alb 
(g/dl) 
Globulin
(g\l)            
T.protein 
(g/dl) 
1 9.00 3.00 69.23 23.07 33.33 1.30 18.60 10.80 29.40 
2 15.00 5.00 10.00 33.33 33.33 1.50 27.70 16.30 44.00 
3 12.00 4.00 92.30 30.76 33.33 1.30 30.60 10.20 40.80 
4 15.00 5.00 93.75 31.25 33.33 1.60 38.30 8.60 46.90 
5 16.00 5.30 98.15 32.51 33.12 1.63 18.30 10.30 28.60 
6 12.00 4.00 88.88 29.62 33.33 1.35 28.30 17.00 45.30 
7 15.00 5.00 93.70 31.25 33.33 1.60 24.30 19.70 44.00 
8 15.20 5.60 101.30 37.33 36.84 1.50 25.20 19.10 44.30 
9 15.00 5.00 98.03 32.67 33.33 1.53 25.80 18.80 44.60 
10 13.00 4.30 100.77 33.33 33.07 1.29 24.30 19.70 44.00 
11 15.00 5.00 93.75 31.25 33.33 1.60 24.00 19.60 43.60 
12 12.00 4.00 90.22 30.07 33.33 1.33 17.60 13.30 31.30 
13 15.00 5.00 93.75 31.25 33.33 1.60 24.20 20.10 44.30 
14 17.00 5.60 106.25 35.00 32.94 1.60 29.50 17.50 47.00 
15 13.00 4.30 102.30 33.85 33.07 1.27 23.30 20.30 44.00 
Average 13.94 4.67 86.09 31.76 33.48 1.46 25.33 16.08 41.47 
Normal 
range 
20-45 5-10 150-350 30-100 18-30 1-5 - - - 
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Appendix (VII): 
Morphometric and gross chemical parameters of infected female (Group D)   
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
  
  
 
  * TL=Total length.                         *SL=Standard length.               *BW=Body weight.                    *MO=Moisture. 
 
 *No. N= Nematodes number.  *L.N=Nematodes length.  *No .A= Acanthocephalans number.  *L.A= Acanthocephalans 
length 
 
No T.L 
(cm) 
S.L 
(cm) 
T.W 
(g) 
Sex Age 
(year) 
No.N L.N No.A L.A Lipid 
(%) 
Protein 
(%) 
Ash 
(%) 
Mo 
(%) 
1 20.00 16.20 136.00 F 4+ - - 12.00 1.50. 5.60 73.20 7.65 8.40 
2 21.80 18.00 165.30 F 3+ 18 2 3.00 1.70 13.00 75.30 7.20 4.19 
3 18.50 15.50 80.00 F 2+ - - 12.00 1.60 3.40 78.20 7.31 3.35 
4 20.30 17.00 82.30 F 2+ 7 3 5.00 1.30 9.00 74.30 8.32 2.07 
5 21.20 18.70 90.65 F 2+ 4- 2.5 4.00 1.30 1.67 66.02 8.13 6.90 
6 13.00 11.30 50.80 F 1+ - - 21.00 2.30 3.00 79.50 7.23 4.43 
7 18.60 15.50 48.46 F 1+ - - 4.00 1.50 6.30 75.25 4.50 8.77 
8 19.00 16.00 90.17 F 3+ 2 1.5 - - 5.20 71.35 4.26 9.18 
9 20.80 17.30 98.90 F 4+ - - 4.00 2.30 9.67 88.41 7.75 7.43 
10 17.30 14.50 48.40 F 1+ 5 3.10 82.00 3.10 1.67 65.90 6.59 8.20 
11 17.00 14.30 83.20 F 1+ - - 8.00 1.50 7.40 70.60 8.02 2.80 
12 19.30 17.80 59.00 F 2+ - - 17.00 1.60 2.67 79.29 6.29 6.90 
13 19.12 15.50 120.30 F 2+ 10 2.30 - - 10.30 79.66 5.20 11.50 
14 23.00 19.00 116.10 F 3+ 3 1.40 - - 8.30 75.22 6.65 6.20 
15 19.00 16.50 70.00 F 2+ - - 60.00 2.50 2.67 73.53 8.11 4.31 
Average 19.19 16.20 89.30  2.20 3.00 2.30 15.46 1.38 8.61 75.04 6.88 6.30 
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Appendix (VIII) 
 
  (Group D)Haematology and biochemical parameters of infected female  
 
 
 
 
 
 
 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
      *Alb=Albumin.                                         *T.protein= Total protein  
  
  
                        
No PCV 
(%) 
Hb 
(g/dl) 
MCV 
(fl) 
MCH 
(pg) 
MCHC 
(g/dl) 
 
RBCs 
(106/µ/l) 
Alb 
(g/dl) 
Globulin
(g\l) 
        
T.protein 
(g/dl) 
1 10.00 3.30 83.33 27.50 33.00 1.20 21.20 18.40 39.60 
2 8.00 2.60 94.11 30.58 32.50 0.85 18.60 17.20 35.80 
3 10.00 3.30 82.64 27.27 33.00 1.21 23.00 17.60 40.60 
4 9.00 3.00 98.90 32.96 33.00 0.91 20.30 16.70 37.00 
5 10.00 3.30. 81.30 26.82 33.00 1.23 28.70 19.50 48.20 
6 10.00 3.30 82.64 27.27 33.00 1.21 18.20 15.70 33.90 
7 11.00 3.80 70.06 24.20 34.54 1.57 21.00 15.30 36.30 
8 11.00 3.60 82.08 26.86 32.72 1.34 18.90 19.60 38.50 
9 9.00 2.90 94.73 30.52 32.22 0.95 22.10 11.60 33.70 
10 7.00 2.50 93.33 33.33 35.71 0.75 15.90 14.80 30.70 
11 9.00 3.00 98.90 32.96 33.33 0.91 14.30 15.10 29.40 
12 12.00 3.50 90.90 26.51 29.16 1.32 20.60 13.60 34.20 
13 11.00 3.70 76.92 25.87 33.63 1.43 17.50 20.30 37.80 
14 8.00 3.50 88.88 22.85 43.75 0.90 20.20 16.30 36.50 
15 7.00 2.30 98.59 30.43 32.85 0.71 18.60 14.00 32.60 
Average 9.46  3.17 87.82 28.39 33.69 1.09 19.94 16.38 36.32 
Normal 
range 
20-45 5-10 150-350  30-100 18-30 1-5  - - - 
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Appendix (IX) 
 
Total white blood cells and differential of control male (Group A)  
  
 
 
 
 
 
sThrombocyte 
(%)  
Eosinophils 
(%)  
sMonocyte 
(%)  
Neut /Hetro 
(%)  
sLymphocyte 
(%)  
WBC 
(#/µ)  
No  
12.00  1.30  12.45  3.95  70.30  35000  1  
8.00  2.03  4.47  5.30  80.20  32100  2  
7.50  1.50  8.30  7.4  75.30  100200  3  
10.10  0.95  9.40  3.30  76.25  143000  4  
10.80  2.50  9.30  4.20  73.20  45300  5  
11.02  1.35  2.93  7.30  77.40  33600  6  
13.00  0.70  2.30  4.00  80.00  125000  7  
8.00  1.00  10.20  2.50  78.30  130000  8  
12.70  0.80  6.20  8.00  72.30  143200  9  
12.30  2.30  4.20  6.30  74.90  50000  10  
7.30  0.73  4.37  5.60  82.00  100600  11  
6.80  0.21  6.20  4.30  82.49  136000  12  
11.00  1.23  7.30  10.10  70.37  140000  13  
8.20  0.77  4.90  4.10  83.03  110000  14  
10.10  1.85  8.30  7.40  72.35  148000  15  
9.92  1.28  6.72  5.58  76.55  98133.33  Average  
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Appendix (X) 
  
Total white blood cells and differential of control female (Group C) 
 
 
 
sThrombocyte 
(%)  
Eosinphils 
(%)  
sMonocyte 
(%)  
Neut/Hetro 
(%)  
Lymphocytes 
(%)  
WBC 
(#/µ)  
No  
13.30  2.20  5.30  7.90  71.30  48000  1  
9.25  1.90  4.50  5.10  79.25  31200  2  
12.50  1.30  9.10  7.00  70.10  138000  3  
13.00  0.95  6.50  4.15  75.40  30500  4  
9.50  1.00  8.20  8.00  73.30  98300  5  
10.00  0.85  7.30  3.65  78.20  127000  6  
13.00  0.70  2.30  4.00  80.00  133000  7  
8.20  0.77  4.90  4.10  83.02  123000  8  
9.30  0.63  2.67  6.30  81.00  98300  9  
10.00  1.95  9.30  7.40  71.35  145000  10  
8.80  0.67  4.50  4.00  82.03  105000  11  
13.25  1.65  6.40  7.50  71.20  142000  12  
11.50  2.50  9.00  4.00  73.00  44200  13  
13.85  1.20  11.45  3.50  70.00  33000  14  
12.45  0.85  9.40  2.30  75.00  140100  15  
11.19  1.27  6.72  5.26  75.61  95773.33  Average  
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Appendix (XI) 
  
Total white blood cells and differential of infected male (Group B)  
  
  
  
  
  
  
 
 
 
 
 
 
 
 
 
 
 
No WBC 
(#/µ) 
sLymphocyte 
(%) 
 
Neut/Hetro 
(%)  
sMonocyte 
(%)  
Eosinophils  
(%)  
sThrombocyte
(%)  
1 113000 78.00 6.30 5.60 0.85 9.25 
2 33300 74.40 6.00 4.80 1.85 12.95 
3 135000 71.37 7.30 10.00 1.30 10.33 
4 135000 76.33 7.07 6.50 1.50 8.60 
5 142000 74.36 6.10 7.90 2.00 9.64 
6 124400 78.30 8.30 5.90 0.30 7.20 
7 147300 75.26 6.10 7.90 2.02 8.72 
8 135000 75.22 6.07 8.50 0.85 9.36 
9 140000 75.00 10.30 8.10 0.10 6.50 
10 45800 76.30 8.50 6.20 1.30 7.70 
11 147000 75.32 5.50 7.80 0.95 10.43 
12 135000 79.32 5.00 6.20 0.50 8.98 
13 115000 80.00 4.30 5.00 1.00 9.70 
14 48000 73.90 6.30 4.90 2.00 12.90 
15 90000 80.01 5.20 3.00 1.30 10.48 
Average 112386.66 76.20 6.55 6.55 1.89 9.51 
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Appendix (XII) 
 
Total white blood cells and differential of infected female (Group D) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  
No 
 
WBC 
(#/µ) 
sLymphocyte 
(%) 
Hetro/Neut 
(%) 
sMonocyte 
(%)  
Eosinphils
(%)  
sThrombocyte 
(%)  
1 135000 80.30 2.50 8.16 2.04 7.00 
2 126000 79.30 4.10 2.20 1.80 12.60 
3 145000 75.10 7.80 7.20 1.90 8.00 
4 40000 75.30 5.95 5.70 2.05 11.00 
5 110200 78.00 5.40 4.80 1.50 10.30 
6 141000 71.37 7.30 10.10 1.40 9.83 
7 35700 80.20 8.20 3.50 1.00 7.10 
8 120300 80.05 4.00 4.50 0.95 10.55 
9 150000 75.36 5.10 6.90 2.00 10.64 
10 48500 76.45 8.30 5.30 1.70 8.25 
11 138000 80.39 4.00 5.20 0.60 9.81 
12 127000 79.00 6.30 2.90 0.40 11.40 
13 143000 72.20 8.50 7.30 2.00 10.00 
14 140300 70.50 10.30 8.20 1.80 9.20 
15 60400 75.40 5.60 7.50 2.00 9.50 
Average 110693.33 76.59 6.22 5.96 1.54 9.67 
